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MICE MUTANT FOR Fc RECEPTORS 
5 AND METHOD OF TREATING AUTOIMMUNE DISEASE 

This invention was made with support under National 
Institute of Health Grant No. GM 39256. Accordingly, the 
U.S. government has certain rights in the invention. 

10 

This is a continuation-in-part of U.S. Application Serial 
No. 08/292,569, filed August 18, 1994, which is a 
continuation-in-part of International Application No. 
PCT/US94/04467, International filing date April 22, 1994, 
15 the contents of which are hereby incorporated by 
reference . 

Throughout this application various references are 
referred to within parentheses. Disclosures of these 

20 publications in their entireties are hereby incorporated 
by reference into this application to more fully describe 
the state of the art to which this invention pertains. 
Full bibliographic citations for these references may be 
found at the end of each section and in the body of the 

25 text. 

Background of the Invention 

The interaction of antibody-antigen complex with cells of 
30 the immune system results in a wide array of responses, 
ranging from effector functions such as antibody- 
dependent cytotoxicity, mast cell degranulation, and 
phagocytosis to immunomodulatory signals such as 
regulating lymphocyte proliferation and antibody 
35 secretion. All these interactions are initiated through 
the binding of the Fc domain of antibodies or immune 
complexes to specialized cell surface receptors on 
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hematopoietic cells. It is now well established that the 
diversity of cellular responses triggered by antibodies 
and immune complexes results from the structural 
heterogeneity of Fc receptors. Considerable progress has 
5 been made in the last several years in defining this 
heterogeneity for IgG and IgE Fc receptors (FcyR, FceR) 
through their molecular cloning. Those studies make it 
apparent that Fc receptors share structurally related 
ligand binding domains, but differ in their transmembrane 
10 and intracellular domains which presumably mediate 
intracellular signalling. Thus, specific FC7RS and FceR 
has also revealed at least one common subunit among some 
of these receptors. 

15 It was recently observed that a family of disulfide - 
linked dimers are shared by Fc receptors and the T cell 
antigen receptor (TCR) . Comparison of the genes for 
FceRI (FC7RIII) 7 and TCRf chain indicates that they belong 
to the same family and have been generated by 

20 duplication. Both genes are located on mouse and human 
chromosome 1 and show an analogous organization of their 
exons. In both genes, the leader peptide is encoded by 
two exons, the second of which also contains the short 
extracellular domain, the hydrophobic transmembrane 

25 region, and the beginning of the cytoplasmic tail. The 
following exons, exons 3-5 and exons for 7 and f, 
respectively, encode the remainder of the cytoplasmic 
tail- Furthermore, a high level of homology between the 
two genes is found in three of their respective exons, at 

30 the DNA and protein level (both about 50%) . Finally, 
both 7 and f polypeptides use homologous cysteines 
essential for the surface expression of their respective 
receptors . 

35 The detection of transcripts for f chains in TCR- , CD3- 
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NK cells led to the finding that human Fc7RIIIAa from NK 
cells physically associates with f-f homodimer and with 
f-Y heterodimer. So far, three different dimers have 
been identified in Fc receptor complexes: y-y f-f and f- 
5 7. These dimers are also part of the TCR complex and 
* probably mediate similar functions. There is a third 

member of the same family, TCR 77 which is generated by 
alternate splicing from the same gene as TCRf . The 
dimers 17-77, tj- f, and r\-y apparently are only associated 
10 with TCR, and so far there is no evidence that they 
associate with Fc receptor structures. Possibly, new 
members of the same family will be identified that form 
part of Fc receptor complexes. 

15 Fc receptors (FcRs) for IgG and IgE couple humoral and 
cellular immunity by directing the interaction of 
antibodies with effector cells. These receptors are 
present on most effector cells of the immune system and 
mediate phagocytosis, antibody-dependent cell-mediated 

20 cytotoxicity (ADCC) , activation of inflammatory cells and 
many of the biological sequelae associated with antibody- 
dependent immunity (reviewed in Ravetch and Kinet, 1991; 
Beaven and Metzger, 1993) . Intensive analysis of the 
genes and proteins encoded by this family of receptors 

25 has revealed a structural heterogeneity for these 
receptors which mirrors the functional diversity mediated 
by these cell surface molecules (Ravetch, et al., 1986). 

The high affinity FcR for IgE, FceRI , is found on mast 
30 cells and basophils, and is responsible for the 
degranulation of these cells in response to crosslinking 
by antigen (reviewed in Parker, 1987) . It is the receptor 
primarily responsible for triggering both peripheral and 
A systemic anaphylaxis. In addition to the well known 

35 pathological response of these cells when activated by 
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allergen, FceRI has been associated with host resistance 
to parasitic infections (Matsuda et al . , 1990). In 
contrast to the restricted expression of FceRI , FcRs for 
IgG, FC7RS , are found on most cells of the hematopoietic 
5 lineage, and mediate both high and low affinity binding 
to IgG. The high affinity receptor, FcyRI, binds 
monomeric IgG and is expressed exclusively on macrophages 
and neutrophils. It is capable of mediating ADCC and 
phagocytosis in response to crosslinking by antibody 

10 (Askenase and Heyden, 1974, Heusser, et al . 1977; Diamond 
et al. 1978) . The low affinity receptors for IgG, FcyRII 
and FcyRIII, are responsible for effector cell responses 
to immune complexes and represent the FcyRs primarily 
involved in the inflammatory response in vivo. FcyRI I is 

15 widely expressed on haematopoietic cells and functions as 
an inhibitory receptor on B cells (Uhen,et al., 1985; 
Kurosaki, et al. 1993), while on cells of the myeloid 
lineage and on platelets, Fc^RII triggers ADCC, 
. phagocytosis and the release of inflammatory mediators 

20 when crosslinked by immune complexes (Nathan, et al . 

1980) . These disparate functions result from the genetic 
heterogeneity of FcyRII, as well as alternative splicing 
of its mRNA to generate proteins with distinct 
intracellular domains (Stuart, et al . , 1989; Brooks, et 

25 al., 1989; Qiu, et al.,1990). FcyRIII is restricted in 
its expression to NK, macrophage, neutrophils and mast 
cells, and mediates effector responses when crosslinked 
by immune complexes (Weinshank, et al., 1988; Perussia, 
et al., 1989) . It is the sole FcR on NK cells, mediating 

30 all the antibody -dependent responses on those cells. In 
addition to these well-characterized effector cell 
pathways, FC7RIII has been found on immature (day 15) 
thymocytes, where it has been postulated to function in 
early thymocyte development (Rodewald, et al . , 1992). 



35 
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Molecular characterization of the genes and protein 
products for FC7RIII and FceRI revealed that these two 
receptors were homologous (Ravetch and Anderson, 1989; 
Ravetch and Kinet, 1991) and required the identical 
5 subunit, the 7 chain, for efficient cell surface 
expression (Ra, et al. 1989; Kurosaki and Ravetch, 1989). 
This homodimeric protein not only mediates assembly of 
these receptors by preventing the degradation of the 
ligand binding a subunit in the endoplasmic reticulum 

10 (Weissman, et al . , 1989; Kurosaki, et al. 1991), it is 
also critical for transducing signals into the cell 
interior resulting in cellular activation through a 
tyrosine kinase-dependent pathway (Romeo and Seed, 

1991; Wirthmueller, et al . , 1992) . In murine macrophages, 

15 neutrophils, mast cells and basophils, the 7 chain is 
necessary for surface expression of FC7RIII and FceRI. 
In NK cells, a homologous chain, the f chain, first 
described as a component of the TCR/CD3 complex, is also 
expressed and forms heterodimers with the 7 chain 

20 (Kurosaki and Ravetch, 1989; Lanier, et al . , 1989). 
Based on reconstitution studies and in vitro experiments, 
the murine f chain alone cannot substitute for 7 chain, 
due to a single amino acid substitution in the 
transmembrane domain of this f sequence, replacing a 

25 leucine for an isoleucine (Kurosaki and Ravetch, 1989; 

Kurosaki et al . , 1991) . This change in the transmembrane 
domain greatly diminishes the association of f chain with 
the ligand binding ot chain. The 7 chain has also been 
found to be associated with the TCR/CD3 complex (Mercap 

30 et al., 1990), although its specific function, 
distinguishing it from the homologous f , chain has yet to 
be determined. Although not required for its surface 
expression or ligand binding in transfected fibroblasts, 
the 7 chain has been found to be associated with FC7RI in 
35 the human monocytoid line U937 (Ernst, et al . 1992), 
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where it may function as a signal transducing subunit. 

The tissue deposition of immune complexes in diseases as 
diverse as rheumatoid arthritis, systemic lupus 
5 erythematosis, glomerulonephritis, and vasculitis is 
widely recognized as a major pathogenic factor triggering 
the inflammatory cascade, leading to tissue damage and 
its subsequent morbidity and mortality. The most widely 
employed experimental model for the study of the 

10 pathological effects of antibody- antigen interaction is 
the Arthus phenomenon, first described by Maurice Arthus 
in 1903 (1) . It was first characterized as the acute 
local inflammation and hemorrhage produced when an 
intradermal injection of horse serum was administered to 

15 previously sensitized rabbits, and its manifestations are 
a direct result of immune complex formation and deposi- 
tion: edema due to increased vascular permeability and 
local mediator release, neutrophil infiltration in re- 
sponse to the local formation of chemotactic peptides, 

20 hemorrhage due to damage to the blood vessel wall, and in 
severe cases, tissue damage produced by the release of 
lysosomal enzymes . The study of the mechanisms and 
inhibitors of this reaction thus has broad relevance to 
the understanding of immune complex-mediated diseases and 

25 has provided important insights into the understanding of 
the process of inflammation. 

Because the induction of the direct Arthus reaction 
suffers from substantial intra- and interspecies 

3 0 variability in the immunologic responsiveness to a 
foreign antigen, a number of experimental variants of the 
original Arthus reaction have been developed- The one 
which best minimizes the difficulties with 
reproducibility and generalizability is the reverse 

35 passive Arthus reaction, in which heterologous antibody 
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is injected into the skin and cognate antigen is injected 
intravenously; immune complexes are formed locally in the 
skin as circulating antigen diffuses into the tissue and 
binds to its antibody. Since it is independent of host 
5 response to specific antigens in the levels and specific- 
ity of antibodies generated, this variant maximizes the 
detection of host factors necessary to the inflammatory 
response and as such has allowed elucidation of the many 
elements contributing to this complex cascade. 

10 

The first definitive experiments demonstrating that serum 
antibody was necessary to the Arthus reaction were 
performed by Opie in 1924 (2) ; subsequent experiments by 
Culbertson, Cannon and Marshall, Fishel and Kabat, and 

15 Benacerraf and Rabat (3) correlated the actual quantity 
of antibody with the intensity of the reaction. Using 
fluorescent antibody techniques, Cochrane and Weigel in 
1958 (4) demonstrated the presence of both antigen and 
antibody in histologic lesions, supporting the hypothesis 

20 first put forth by Opie (2) more than a quarter of a 
century earlier that the Arthus reaction was produced by 
the local formation of antigen -antibody complexes. 

That polymorphonuclear leukocytes play a critical role in 
25 the Arthus reaction was demonstrated independently in the 
1950's by Stetson, Humphrey and Cochrane, et. al . (5). 
Animals which were depleted of neutrophils with either 
nitrogen mustard or ant i -neutrophil antiserum showed 
markedly reduced Arthus reactions, despite the continued 

30 presence of antibody-antigen complexes. In 1964, Ward 
and Cochrane (6) demonstrated the integral role of 
complement to the production of the Arthus reaction by 
pre-treating animals with cobra venom factor, which 
cleaves the C3 component of complement and inactivates 

35 the cascade. In the absence of complement, neutrophil 
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infiltration was substantially attenuated, consistent 
with the key role of complement in inflammatory activa- 
tion. Once it became known that immune complexes can 
bind and activate complement directly via the "classical 
5 pathway" (7) and that activated complement components are 
themselves potently chemotactic for neutrophils (8) , a 
model of immune complex- triggered inflammatory disease 
was proposed which has persisted to this day. 

10 In this model, antibodies bind to their antigen to form 
immune complexes, which results in complement binding and 
activation via the "classical pathway" . The resulting 
chemotactic peptides cause neutrophil invasion and 
activation, with subsequent discharge of granules 

15 (degranulation) and release of inflammatory mediators. 
The direct consequences of this cascade are the classical 
symptoms of inflammation - edema, hemorrhage and tissue 
destruction. However, this model has not addressed the 
potential role of specific cell -surface receptors known 

20 to bind antibody- antigen complexes and activate effector 
cells. These well-defined receptors, collectively known 
as Fc receptors for their binding of the Fc portion of 
antibodies, mediate macrophage, neutrophil, NK cell and 
mast cell activation in vitro and are capable of 

25 triggering many of the responses classically associated 
with inflammation (9) . 

Fc receptors are members of the immunoglobulin 
superfamily and exist as membrane -associated 

30 glycoproteins. Distinct receptors are expressed for each 
isotype of antibody. Among the IgG Fc receptors, three 
classes of molecules have been defined, varying in 
structure and affinity for IgG. FcyRI , present on 
monocytes and macrophages, is the only Fc receptor 

3 5 capable of binding monomeric antibody, due to its rela- 
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tively high ligand affinity. FcyRII and FcyRIII are both 
low affinity receptors and will only bind antibody in the 
form of immune complexes. FcyRII is expressed widely on 
hematopoietic cells, whereas FcyRII I expression is gen- 
erally limited to monocytes, NK cells, neutrophils, and 
mast cells. 

Fc receptors are generally hetero-oligomeric receptors, 
composed of a ligand binding subunit a, and in the case 
of FceRI, FcyRI and FcyIII of a dimeric f or y chain, 
required for surface expression and signal transduction. 
While the a subunits of murine FcyRII and III are nearly 
identical in their extracellular domains, they have dis- 
tinct transmembrane and intracytoplasmic regions, which 
mediate their interaction with associated subunits and 
thus result in the activation of different signaling 
pathways (9) . Dissecting the role of individual Fc re- 
ceptors in vivo has been complicated by the overlapping 
expression of this large family of related receptors, 
each of which can bind immune complexes and mediate 
effector cell response. 

An oligopeptide which blocks immune complex binding to 
immunoglobulin Fc receptors is disclosed in U.S. Patent 
No. 4,686,282 (Hahn, 1987). 

U.S. Patent No. 5,198,342 (Maliszewski , 1933) discloses 
DNA encoding IgA Fc receptors. 

Monoclonal antibodies have become important therapeutic 
agents in the treatment of a variety of diseases. The 
antibodies can mediate the neutralization of toxic 
substances, like anti-TNF in the treatment of 
inflammatory diseases, or can be cytotoxic to pathogenic 
microbes or neoplastic cells. Three factors determine 
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the efficacy of a monoclonal antibody for therapeutic 
uses: 1) specificity, 2) half -life and 3) effector cell 
coupling. Specificity of an antibody is a function of 
its F(ab) domain, while half -life and effector cell 
5 coupling are properties of the Fc portion of the antibody 
molecule. Manipulating the F(ab) portion of an antibody 
has been widely used to enhance specificity of antibodies 
for targets. Efforts at manipulating the Fc portion have 
been focussed primarily on selecting specific isotypes of 

10 immunoglobulin for their ability to minimize clearance. 
More specific approaches for manipulating specific 
isotypes of immunoglobulins to maximize antibody half- 
life and effector cell coupling require detailed 
knowledge of the pathways by which antibodies are cleared 

15 and interact with effector cells such as macrophages, 
neutrophils, mast cells and natural killer cells. These 
interactions are all governed by the binding of the Fc 
portion of the antibody to its cognate Fc receptor. 
Knowing which Fc receptor is responsible for a particular 

20 antibody's interaction with an effector cell and the 
mechanism of action of a particular antibody allows one 
to optimize the Fc portion of the antibody to exploit 
those interactions which are favored and minimize those 
interactions which are to be avoided. In so doing, 

25 classes of manipulated Fc portions of antibodies can be 
designed which will have the desired clearance and 
effector cell coupling. 

30 
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Summary of the Invention 

This invention provides a non-naturally occurring non- 
human vertebrate animal incapable of expressing a 
5 functional Fc receptor. This invention also provides a 
mutated form of isolated vertebrate genomic DNA encoding 
a functionally deficient Fc receptor. 

This invention provides a non-naturally occurring non- 
10 human vertebrate animal incapable of expressing a 
functional non-human Fc receptor capable of expressing a 
protein which comprises a domain of a human Fc receptor. 
This invention also provides an isolated DNA molecule 
comprising a cell type expression regulating sequence; 
15 and a sequence encoding a protein which contains a domain 
of a human Fc receptor under transcriptional control of 
the cell type expression regulating sequence. 

This invention provides a method for identifying a 
20 proinflammatory agent dependent on a functional Fc 
receptor, comprising: administering to a mouse capable of 
expressing a functional Fc receptor and to a mouse 
incapable of expressing a functional Fc receptor, an 
amount of the proinflammatory agent effective to induce 
25 an inflammatory response in the mouse capable of 
expressing the functional Fc receptor; and determining 
less inflammatory response in the mouse incapable of 
expressing the functional Fc receptor than in the mouse 
capable of expressing the functional Fc receptor, thereby 
3 0 identifying the proinflammatory agent dependent on the 
functional Fc receptor. 

This invention provides a method for identifying a 
proinflammatory agent not dependent on a functional Fc 
35 receptor, comprising: administering to a mouse incapable 
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of expressing the functional Fc receptor an amount of the 
proinflammatory agent effective to induce an inflammatory 
response; and detecting an inflammatory response in the 
mouse incapable of expressing the functional Fc receptor, 
5 thereby identifying the proinflammatory agent not 
dependent on the functional Fc receptor. 

This invention provides a method of identifying an anti- 
inflammatory agent, comprising: administering to a test 

10 mouse according to claim 46 an amount of a 
proinflammatory agent capable of inducing an inflammatory 
response in the mouse in the absence of the anti- 
inflammatory agent, and an inflammation inhibiting 
effective amount of the anti- inflammatory agent; and 

15 determining decreased inflammatory response, thereby 
identifying the anti -inflammatory agent. This invention 
also provides an anti -inflammatory agent identified by 
this method. 

20 This invention further provides a method for inhibiting 
stimulation of Fc receptor-bearing cells in a subject, 
comprising administering to the subject an amount of the 
anti-inflammatory agent identified by the above-described 
method effective to inhibit stimulation of the Fc 

25 receptor-bearing cells in the subject. 

This invention also provides a method for treating a Fc 
receptor- dependent condition in a subject, comprising 
administering to the subject an amount of the anti- 
30 inflammatory agent identified by the above-described 
method effective to treat the Fc receptor-dependent 
condition in the subject. 

This invention provides a method for identifying an agent 
35 capable of inhibiting a complex of a protein and a ligand 
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capable of binding to the protein in the absence of the 
agent, the protein comprising an extracellular domain of 
a Fc receptor or Fc receptor subunit, comprising: 
incubating a first incubation cocktail which contains the 
5 protein, the ligand, and the agent, and a second 
incubation cocktail which contains the protein and the 
ligand but not the agent; detecting the amount of 
protein-ligand complex in the first and second incubation 
cocktails; and determining less protein-ligand complex in 
10 the first cocktail than in the second cocktail, thereby 
identifying the agent capable of inhibiting a complex of 
the protein and the ligand. This invention also provides 
a complex-inhibiting agent identified by the above - 
described method. 

15 

This invention further provides a method for inhibiting 
stimulation of Fc receptor-bearing cells in a subject, 
comprising administering to the subject an amount of the 
complex- inhibiting agent identified by the above- 
20 described method effective to inhibit stimulation of the 
Fc receptor-bearing cells in the subject. 

This invention also provides a method for treating a Fc 
receptor-dependent condition in a subject, comprising 
25 administering to the subject an amount of the anti- 
inflammatory agent identified by the above-described 
method effective to treat the Fc receptor-dependent 
condition in the subject. 

30 This invention provides a method of identifying a 
therapeutic antibody dependent on a Fc receptor, 
comprising: administering to a test murine animal 
afflicted with a condition, wherein the test murine animal 
is the murine animal incapable of expressing a functional 

3 5 Fc receptor, an amount of the therapeutic antibody 
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effective to ameliorate the condition in a murine animal 
capable of expressing the functional Fc receptor; and 
detecting substantially no amelioration of the condition 
in the test murine animal, thereby identifying the 
5 therapeutic antibody dependent on the Fc receptor. 

This invention provides a method of determining whether 
a modified antibody has a different half-life than a 
reference antibody of known half -life, comprising: 
10 administering the modified antibody to a murine animal, 
wherein the murine animal is capable of expressing a Fc 
receptor; measuring the half -life of the antibody in the 
murine animal; comparing the half -life of the antibody in 
the murine animal to the half-life of the reference 
. 15 antibody; and determining whether the modified antibody 
has a different half -life than the reference antibody. 



This invention provides a method of identifying an 
. antibody whose half -life is dependent on a Fc receptor, 

20 comprising: a) administering the antibody to a first 
murine animal capable of expressing a functional Fc 
receptor, measuring the half -life of the antibody in the 
first murine animal, and determining that the half -life 
of the antibody in the first murine animal is longer than 

25 in a murine animal incapable of expressing the functional 
Fc receptor; or 

b) administering the antibody to a second murine animal, 
wherein the second murine animal is the murine animal 
incapable of expressing a functional Fc receptor, 

30 measuring the half-life of the antibody in the second 
murine animal, and determining that the half- life of the 
antibody in the second murine animal is shorter than in 
a murine animal capable of expressing the functional Fc 
receptor; thereby identifying the antibody whose half- 

3 5 life is dependent on the Fc receptor. 
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This invention provides a method of determining whether 
a test antibody induces a different degree of 
inflammatory response than a reference antibody, 
comprising: administering an amount of the test antibody 
to a murine animal , wherein the murine animal is the 
murine animal capable of expressing a functional Fc 
receptor; and determining whether the test antibody 
induces a different degree of inflammation than the same 
amount of the reference antibody. 



This invention provides a method of generating a Fc 
region-modified antibody, comprising: 

a) determining an antibody dependent on one or more Fc 
receptors according to the method described herein; 
15 b) identifying which Fc receptor or receptors the 
antibody is dependent on by the methods described 
herein; 

c) modifying the Fc region of the antibody; 

d) characterizing the antibody according to one or more 
20 of the methods described herein; and 

e) optionally repeating steps c) and d) one or more 
times; thereby generating a Fc region-modified 
antibody. 

25 This invention provides a method of identifying an 
antibody capable of binding to a human Fc receptor or 
subunit thereof, comprising: incubating the antibody with 
a cell transfected with a vector, wherein the vector is 
a DNA molecule which comprises a cell -type expression 

30 regulating sequence, a sequence encoding a protein which 
contains a domain of a human Fc receptor or subunit 
thereof under transcriptional control of the regulating 
sequence, and wherein the cell expresses the Fc receptor 
or subunit thereof encoded by the vector; and detecting 

35 antibody-Fc receptor complex, thereby identifying the 
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antibody capable of binding to the Fc receptor or subunit 
thereof. 



This invention provides a method of determining whether 
5 a test antibody binds to a human Fc receptor or subunit 
thereof with a different binding affinity than a 
reference antibody of known binding affinity, comprising: 
incubating the test antibody with a cell transfected with 
the vector as described in the preceding paragraph, 

10 wherein the cell expresses the Fc receptor or subunit 
thereof encoded by the vector on the cell surface, to 
form a complex between the test antibody and the Fc 
receptor; measuring binding affinity of the complex; and 
determining whether the test antibody binds to the Fc 

15 receptor with a different binding affinity than the 
reference antibody. 
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Brief Description of the Figures 

First and Second Series of Experiments 

Figure 1A. Expression and activation of p56 lck in NK 
cells . 

PBL, obtained by density gradient centrif ugation of 
venous peripheral blood from healthy donors, were 
cultured with 30-Gy irradiated RPMI-8866 B 
lymphoblastoid cells. NK cells were purified from 
10-d cocultures by negative selection after 
sensitization with anti-CD3 (0KT3) , anti-CD5 
(B36.1), and anti-CD14 (B52.1) monoclonal antibody 
(mAb) and indirect anti-globulin resetting (7) . The 
purity of each preparation (>95%) was confirmed in 
indirect immunofluorescence (flow cytometry) using 
a panel of mAb. 

The indicated src-related kinases (indicated by the 
arrowhead) were immunoprecipitated from postnuclear 
supernatants of NK cells lysed in 1% Triton X100, 1% 
sodium deoxycholate, 0.1% SDS, 150 mM NaCl, 10 mM 
Tris, 5 mM EDTA using protein A-Sepharose (for 
rabbit polyclonal antisera) or protein A-Sepharose 
coated with anti-mouse Ig (anti-src mAb) . 
Precipitates were washed twice with lysis buffer and 
once with 100 mM NaCl, 10 mM NaCl, 10 mM Tris, pH 
7.5, 5 mM MnCl 2 . The products of in vitro kinase 
assays (4) , performed for 15 min. on ice, were 
analyzed in reducing 7.5% SDS -PAGE. 

Figure IB, Expression and activation of p56 lc * in NK 
cells. 

PBL, obtained by density gradient centrif ugation of 
venous peripheral blood from healthy donors, were 
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cultured with 3 0-Gy irradiated RPMI-886 6 B 
lymphoblastoid cells. NK cells were purified from 
10-d cocultures by negative selection after 
sensitization with anti-CD3 (0KT3) , anti-CD5 
(B36.1), and anti-CD14 (B52.1) monoclonal antibody 
(mAb) and indirect anti-globulin rosetting (7) . The 
purity of each preparation (>95%) was confirmed in 
indirect immunofluorescence (flow cytometry) using 
a panel of mAb. 

NK cells (5 x 10 6 /nil RPMI) were incubated for the 
indicated times with anti-CD16 mAb 3G8. After 
incubation and lysis in 1% NP-40, p56 lck was 
precipitated from the postnuclear supernatants . 
Kinase assay was performed after addition of 1 fig 
enolase an the product of the kinase assay was 
analyzed in reducing 7.5% SDS-PAGE. No increased 
phosphorylation of p56 lck or enolase was detected in 
p56 lck immunoprecipitates from NK cells stimulated 
with anti-CD56 mAb B159.5 used as control (not 
shown) . Anti-p56 lck serum was produced in rabbits 
immunized with a synthetic peptide corresponding to 
amino acids 39-64 of the murine p56 lck protein 
sequence (4) . 

Figure 2A. Association of p56 lck with FcyRIIIA in NK 

cells. 

FC7RIII was precipitated from NK cells (10 x 10 6 
cells per precipitation) lysed in 1% digitonin, 150 
mM NaCl, 20 mM Tris, pH 8.1 mM PMSF, 10 /ig/ml 
aprotinin, 10 /xg/ml leupeptin using anti-CD16 mAb 
3G8, and in vitro kinase assay was performed on the 
immunoprecipitate. Kinase products were eluted from 
the beads (1% NP-40, 1 h) and the indicated proteins 
were precipitated using specific antibodies or 
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normal rabbit serum (NRS) as control. 
Immunoprecipitates " were analyzed in reducing 13% 
SDS-PAGE. 

Figure 2B. Association of p56 lc * with FcyRIIIA in NK 

cells. 

Panel A: Postnuclear supernatants from NK cells (50 
x 10 6 per precipitation) , lysed as above, were 
precleared with goat anti -mouse : protein G for 30 
min, and precipitated [Ab(lst)] with anti-CD16 mAb 
3G8 or anti-CD56 mAb B159.5 coupled to goat anti- 
mouse Ig protein G-Sepharose was used to control 
(C) . Immune complexes were washed 6 times with 0.2% 
digitonin lysis buffer and proteins analyzed in 7.5% 
reducing SDS-PAGE and Western blotting [Ab(W)] using 
anti-p56 ick (rabbit polyclonal antisera, N- terminus 
specific, UBI, Lake Placid, NY), and 12S I-labeled 
goat anti-rabbit IgG. Panel B: Postnuclear 
supernatants from NK cells (35 x 10 6 cells per 
precipitation) , lysed in digitonin buffer as above, 
were precleared (15 h) with CNBr-activated/quenched- 
Sepharose. Supernatants were precipitated with 
heat -aggregated (30 min, 63 °C) hulgG-Sepharose or 
F (ab 7 ) 2 -Sepharose (control) for 5 h. Complexes were 
washed 6 times with lysis buffer and proteins 
analyzed on 7.5% reducing SDS-PAGE with Western 
blotting using anti-p56 lck mAb (provided by Y. Koga) , 
HRP- sheep anti -mouse Ig, and ECL. (None = lysate 
from approximately 10 6 cell equivalents, no 
precipitation) . Panel C: Postnuclear supernatants 
from NK cells (30 x 10 6 cells per precipitation) , 
lysed in 2% NP-40, 150 mM NaCl, 20 mM Tris, 2 mM 
PMSF, 25 /xg/ml each aprotinin, leupeptin, antipain, 
were precleared with protein A-Sepharose beads and 
incubated with rabbit antisera (anti- , anti-p56 lck , 
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non- immune) followed by protein A-Sepharose 
precipitation. Beads were washed 5 times with lysis 
buffer and analyzed in 7.5% reducing SDS-PAGE with 
Western blotting for p56 lck as in Panel B. The lower 
5 bands in C represent rabbit IgG used for 

precipitation . 

Figure 3A. Association of p56 lcfc with y and f chains. 

10 COS cells were cultured in modified Eagle's medium 

containing 10% fetal calf serum. Mouse fyn cDNA 
(15) (from R. Perlmutter) , human yes cDNA (16) (from 
T. Yamamoto and J. Sukegawa) , and human lck cDNA 
(17) (from T. Mak) were cloned into the pCEXV-3 

15 vector. DNA (15 jzg each DNA/60 mm dish) was 

transfected into COS cells using the calcium- 
phosphate method (18) in the presence of 100 fiM 
chloroquine. Transfected DNA are indicated at the 
top of each panel. The IIIA/f construct contained 

20 the extracellular region of FC7RIIIA and the 

transmembrane and cytoplasmic regions of human 
chain (19) . Two days after transf ection, cells were 
solubilized in lysis buffer (3% NP-40, 50 mM Tris pH 
8, 150 mM NaCl, 50 mM NaF, 10 molibrate, 0.2 mM 

25 vanadate, 10 /ig/ml aprotinin, 10 /ig/ml leupeptin, 

2.5 /xg/ml antipain, 0.1 mM PMSF) . Cell lysates were 
precleared with Sepharose, incubated with the 
indicated Ab [Ab (1st)] coupled- Sepharose for 2 h 
and washed with lysis buffer 5 times. Antibodies 

30 against y and f chains (19) and control antibodies 

were purified by protein A-Sepharose and directly 
coupled to CNBr- activated Sepharose. Sepharose - 
bound complexes were eluted into sample buffer 
containing 2% SDS and 1% 2-mercaptoethanol , 

35 separated in reducing 8% SDS - PAGE , and transferred 
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to Immobilon-P sheet or nitrocellulose membrane, 
separated in reducing 8% SDS-PAGE, and transferred 
to Immobilon-P sheet or nitrocellulose membrane. 
Anti-fyn (UBI) , anti-yes (20) (from T. Yamamoto and 
J. Sukegawa) , and anti-lcic (21) (from Y. Koga) 
antibodies were used for detection in Western 
blotting, as indicated. Filters were developed 
using a goat anti-rabbit or a sheet anti-mouse Ig 
antibody conjugated to HRP and ECL. 

Figure 3B. 

Same as figure 3A, except that filters were 
developed using 125 I-labeled anti-p56 lck mAb. 

15 Figure 4A. Schematic representation of mutant FC7RII . 

Mutant murine FcyRII cDNAs were constructed by using 
polymerase chain reaction (PCR) methods. All 
constructs were confirmed by sequencing. Both 

20 Fc-yRlKZ+M) and FcyRII (£l-M) contain the 

extracellular and transmembrane domains of 
FcyRII(SI). The cytoplasmic domain of FcyRII(£1-M) 
has the internal deletion of 13 residues (amino 
acids 303-315 in fil isoform of FcyRII) , and that of 

25 FcyRII(Z+M) is composed of the first 18 and the 

following 13 residues from the cytoplasmic domain of 
human f chain of TCR/CD3 (amino acids 53-68 in human 
f and two additional ser; shown in hatched region) 
and FC7RII ( AENT I TYS LLKHP (SEQ ID NO:l) ) , 

30 respectively. These cDNAs were cloned together with 

the neomycin resistant gene into pCEXV-3. 

Figure 4B. 

FACS analysis of A20. 
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Figure 4C. 

FACS analysis of IIA1.6. 

Figure 4D. 

5 FACS analysis of A2-8 cells transfected with 

FcyRIId^) cDNA . IIA1.6 cells were transfected by 
electrophoration and neo resistant clones were 
checked by FACS analysis using 2.4G2 mAb. 

10 Figure 4E. 

FACS analysis of A3 -4 cells transfected with 
FcyRIKBi-M) cDNA. 

Figure 4F. 

15 FACS analysis of A10-12 cells transfected with 

FcyRII (Z+M) cDNA . 

Figures 5A-E. Calcium mobilization after cross- linking 
of mlg or co-cros slinking with FcyRII. 
20 Ca 2 * mobilization of non- transfected and 

transfected cells stimulated by whole and 
F(ab / ) 2 ant i -mlg antibodies* 

Cells were loaded with 3 mM fura-2 and stimulated 
25 with rabbit intact (80 mg/ml) and F(ab') 2 (50 mg/ml) 

anti-mlgG antibodies. The application times were 
indicated by bars. Intracellular Ca 2+ levels were 
recorded with fluorescence spectrophotometer 
(Hitachi F2000) . In the presence of 2.4G2 (4 
3 0 mg/ml) , Ca 2+ mobilization patterns by intact 

antibodies were essentially the same as those by 
F{ab' ) 2 . 

Figure 5A. 

35 Ca 2 * mobilization of non-transf ected A20 cells 
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stimulated by whole and F (ab' ) 2 anti-mlg antibodies. 
Figure 5B* 

Ca 2 * mobilization of non- transfected II A1.6 cells 
5 stimulated by whole and F(ab') 2 anti-mlg antibodies. 

Figure 5C. 

Ca 2+ mobilization of A2-8 cells transfected with 
FC7RII (&J cells stimulated by whole and F(ab') 2 
10 anti-mlg antibodies. 

Figure 5D . 

Ca 2+ mobilization of A3 -4 cells transfected with 
FcTRlKEi-M) cells stimulated by whole and F(ab') 2 
15 anti-mlg antibodies. 



Figure 5E. 

Ca 2+ mobilization of A10-12 cells transfected with 
FcyRII(Z+M) cells stimulated by whole and F(ab') 2 
20 anti-mlg antibodies. 

Figures 5F-K. Calcium mobilization after cross-linking 
of mlg or co-crosslinking with FcyRII. The 
effect of EGTA on the Ca 2 * mobilization 
25 induced by whole and F(ab f ) 2 anti-mlg 

antibodies. 



Cells were loaded with 3 mM fura-2 and stimulated 
with rabbit intact (80 mg/ml) and F(ab') 2 (50 mg/ml) 

30 anti-mlgG antibodies. The application times were 

indicated by bars. Intracellular Ca 2+ levels were 
recorded with fluorescence spectrophotometer 
(Hitachi F2000) . In the presence of 2.4G2 (4 
mg/ml) , Ca 2 ~ mobilization patterns by intact 

35 antibodies were essentially the same as those by 
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F(ab') 2 . For chelation of extracellular Ca 2 \ EGTA 
(1 mM) was added 1 min before the ligand 
stimulation. 

5 Figure 5F. 

Effect of EGTA on Ca 2 * mobilization in A20 cells 
induced by F(ab') 2 anti-mlg antibodies. 

Figure 5G. 

10 Effect of EGTA on Ca 2+ mobilization in A20 cells 

induced by whole anti-ralg antibodies. 

Figure 5H. 

Effect of EGTA on Ca 2+ mobilization in A3 -4 cells 
15 transfected with Fc7R.II (i^-M) induced by F(ab') 2 

anti-mlg antibodies. 

Figure 51. 

Effect of EGTA on Ca 2+ mobilization in A3 -4 cells 
20 induced by whole anti-mlg antibodies. 

Figure 5J. 

Effect of EGTA on Ca 2+ mobilization in A10-12 cells 
transfected with Fc7R.II ( Z+M) induced by F(ab') 2 
25 anti-mlg antibodies. 

Figure 5K. 

Effect of EGTA on Ca 2+ mobilization in A10-12 cells 
induced by whole anti-mlg antibodies. 

30 

Figure 6A. IL-2 secretion after crosslinking of mlg 

or co -cross linking with FC7RII. 



35 



IL-2 secretion of non-transf ected and transfected 
cells by whole and F(ab') 2 anti-mlgG antibodies. 
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A20 cells (5 x lOVml) were stimulated by the 
indicated antibodies (10 mg/ml intact, 5 mg/ml 
F(ab) 2 , and 10 mg/ml 2.4G2 antibodies) for 18 hr at 
37°C. IL-2 activity in serial dilutions of the 
culture supernatant was measured by [ 3 H] -thymidine 
incorporation using IL-2 dependent cell line, CTLL-2 
as described. The experiments were performed three 
times. The mean and SEM of triplicate points are 
shown. 

Figure 6B. 

Same as figure 6A for II A1.6 cells. 

Figure 6C, 

Same as figure 6A for A2-8 cells transformed with 
FcyRII . 

Figure 6D. 

Same as figure 6A for A3 -4 cells transformed with 
FcyRII (fij.J . 

Figure 6E. 

Same as figure 6A for A10-12 cells transformed with 
FcyRII (2+M) . 

Figure 7A. 

Cell surface expression of IgM/Ig-S on A20 cells. 
Figure 7B. 

Cell surface expression of IgM/Ig-a on A20 cells. 
Chimeric IgM/Ig-a cDNA is composed of human K and /x- 
chimeric chains against phosphorylcholine . The 
extracellular, transmembrane and cytoplasmic domains 
of the chimeric \i chain are derived from wild-type 
\i chain, mutated transmembrane \l chain (replacement 
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of both tyrosine 587, and serine 588 with valine) 
and murine cytoplasmic Ig-a (amino acids 160-220) , 
respectively. IgM/Ig-S is the same as IgM/Ig-a 
except that the cytoplasmic domain is composed of 
amino acids 181-228 murine Ig-£. These cDNAs were 
cloned into pfNeo vector. DNAs were transfected 
into A20 cells by electrophoresion, and resistant 
clones were checked by FACS analysis using rabbit 
anti-hlgM antibody. 



Figure 7C. 

Ca 2 * mobilization stimulated through rabbit F(ab') 2 
(50 mg/ml) fragment of chimeric anti-hlgM molecule 
IgM/Igfi by FC7RII. For description of Ca 2+ 
15 mobilization, see figure 5. 



Figure 7D. 

Ca 2+ mobilization stimulated through F(ab') 2 fragment 
of chimeric molecule IgM/lga by FcyRIl. 

20 

Figure 7E- 

Ca 2 * mobilization stimulated through intact IgM/Ig£ 
(80 mg/ml) by FcyRIl. 



25 Figure 7F. 

Ca 2 * mobilization stimulated through intact IgM/lga 
by FcyRIl . 



Figure 7G. 

3 0 Ca 2 * mobilization stimulated through intact IgM/Igfi 

+ 2.4G2 by FcyRIl. Cells were preincubated with 
2.4G2 (5 mg/ml) for 5 min before application of 
intact antibody. 
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Figure 7H. 

Ca 2+ mobilization stimulated through intact IgM/Iga 
+ 2.4G2 by FcyRII. Cells were preincubated with 
2.4G2 (5 mg/ml) for 5 min before application of 
5 intact antibody. 
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Third Series of Experiments 

Figure 8A. Design of the Targeting Vector. 

The 7 subunit locus (wild type allele) , the 
5 targeting vector, and expected targeted allele are 

shown. The positions of the 3' -flanking probe 
(probe A), the internal probe (probe B) , the 5'- 
flanking probe (probe C) and the neo probe are 
indicated. 

10 

Figure 8B. Southern Blot Analysis of DNA from Targeted 
ES Cell Clones . 

Southern blot analysis of targeted ES clones. DNA 
from seven clones (p7 - P359) were analyzed using 

15 probes A,B,C and neo. Probe A detects a 8.1 kb Bgll- 

EcoRI fragment from the wild type allele, whereas it 
detects a 4.8 kb band derived from the targetted 
allele, since the neomycin resistance gene 
introduced a new EcoRI site. The neo probe detects 

20 only a 4 . 8 kb fragment while probes B and C detect 

2.2 and 3.2 kb fragments, respectively, derived from 
wild-type and targetted alleles. 

Figure 8C. Southern blot analysis of genomic DNA from 
25 heterozygous intercrosses. 

Genomic DNA was isolated from the litters of 15 mice 
from heterozygous intercrosses. DNA was digested 
with Bgll and EcoRI , electrophoresed, and blotted 
with a .42 kb Sall-EcoRI fragment from the y subunit 
30 cDNA. Fragments obtained from wild-type (8.1 kb) 

and targeted (4.8 kb) alleles are indicated. Lane 
1 represents a digest of the wild-type ES cell 
genomic DNA. 
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Figure 9A. Characterization of 7 chain mRNA from FcRy nl . 
Total RNA was isolated from activated macrophages, 
mast cells and NK cells and subjected to RT-PCR 
analysis as described in Experimental Procedures. 
5 The possible structure of a 7 subunit -neomycin 

fusion transcript is depicted at the bottom, in 
which the distances between exons are indicated. 
PCR primers, indicated as short arrows, were used to 
amplify a fragment upstream or downstream from the 

10 insertion site of MCl-neo cassette. Amplified PCR 

products were electrophoresed on a 7.5% 
polyacrylamide gel. The sizes of amplified 
fragments are indicated in base pairs on right of 
each panel. +/+, wild type; + /-, heterozygote,- - 

15 / - homo zygote . 

Figure 9B. Characterization of 7 chain protein from 
FcRy 111 . 

Western Analysis of y Subunit Expression 
20 Cell suspensions were prepared from activated 

macrophages (Mtf>) , mast cells (MC) and NK cells, and 
subjected to Western analysis. A 6-9 kD 7 subunit 
polypeptide is detected in cells derived from wild- 
type and heterozygous mice, but is absent in the 
25 homozygous mutant mice which produce no detectable 

7 subunit . 

Figure 10A. Flow Cytometric Analysis of Fc Receptor 
Expression on Effector Cells, 

30 FcyRII and III expression on thioglycollate-elicited 

peritoneal macrophages. Macrophages were stained 
with 2.4G2 and the macrophage marker Mac-1; 2.4G2 
recognizes both FC7RII and III. Homozygous mutant 
mice have a 80% reduction in 2.4G2 staining (bold 

3 5 tracing) . 
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Figure 10B. Flow Cytometric Analysis of Fc Receptor 
Expression on Effector Cells. 

FC7RII and III expression on bone marrow 
neutrophils. Neutrophils were obtained from the bone 
5 marrow and stained with 2.4G2 and the granulocyte 

specific marker, Gr-1. 2.4G2 staining is reduced by 
50% in the homozygous mutant mice (bold tracing) . 

Figure 10C. Flow Cytometric Analysis of Fc Receptor 
10 Expression on Effector Cells. 

FcyRIII expression on IL-2-induced splenic NK cells. 
NK cells were prepared as described in Experimental 
Procedures and stained with 2.4G2 and the NK cell 
marker 4D11. 4D11 is expressed on 50% of NK cells 
15 in both wild-type and mutant mice, while 2.4G2 

staining is undetectable in mutant mice (bold 
tracing) . 

Figure 10D. Flow Cytometric Analysis of Fc Receptor 
20 Expression on Effector Cells. 

FceRI expression on bone marrow derived mast cells. 
Cells were stained with FITC-IgE and the mast cell 
marker Ack 2 . IgE staining is lost in the mutant 
mice (bold tracing) , which retain Ack 2 staining. 
25 Identical results were obtained using mast cells 

purified from peritoneal lavage cells by Ficoll 
gradient centrif ugation (not shown) . Shaded regions 
correspond to control antibody staining; bold 
tracing indicated -/- staining, while light tracing 
30 corresponds to +/+ staining of the x-axis antibody. 

Figure 11A. Flow Cytometric Analysis of Lymphocyte 
Populations in FcRy" 1 mice. 

Expression of CD4+CD8/CD3 populations in the thymus 
35 of wild-type and mutant mice. Thymocytes or splenic 
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T cells from either 2 week old (not shown) or 10 
week old mice were stained with mAbs to CD4 , CD 8 and 
TCR chains. No differences are apparent in these 
populations in mutant mice, when compared to wild- 
5 type. 

Figure 11B. 

Expression of CD4+CD8/CD3 populations in the thymus 
of wild- type and mutant mice. See description of 
10 figure 4A. 

Figure 11C. 

Expression of TCR a/3 in splenic T cells of mutant 
and wild-type mice. 

15 

Figure 11D. 

Expression of FcyRII in splenic B cells of mutant 
and wild-type mice. The double negative 

populationrepresent splenic T cells not stained by 
20 B220 or 2.4G2. 

Figures 12A-H. Rosetting and Phagocytosis of IgG- 

opsonized Red Blood Cells by Activated 
Macrophages 

25 

SRBCs were TNP-derivatized and coated with anti-TNP 
IgGl or directly coated with anti-SRBC IgG2a. 
Rosetting was performed at 4 C for 3 0 minutes; 
phagocytosis at 37 C for 90 minutes. Unbound cells 

3 0 were removed by washing; non- internalized cells were 

lysed with distilled water. IgGl binding is through 
FcyRII/III while IgG2a binding is through FcyRI . 
Mutant macrophages are non -phagocytic, while 
retaining IgGl binding ability through FcyRII; 

35 binding of IgG2a through FcyRI is dramatically 
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reduced, IgG2a binding was performed in the 
presence of 2.4G2 to control for FcyRII/lII binding 
to this subclass. 

5 Figure 12A. 

Rosetting of IgGl opsonized SRBCs by + / + . 

Figure 12B. 

Phagocytosis of IgGl opsonized SRBCs by +/+. 



10 



Figure 12C. 

Rosetting of IgGl opsonized SRBCs by . 



Figure 12D. 

15 Phagocytosis of IgGl opsonized SRBCs by -/-. 

Figure 12E. 

Rosetting of IgG2a opsonized SRBCs by +/+. 

20 Figure 12F. 

Phagocytosis of IgG2a opsonized SRBCs by +/+ . 

Figure 12G. 

Rosetting of IgG2a opsonized SRBCs by -/- . 



25 



Figure 12H. 

Phagocytosis of IgG2a opsonized SRBCs by -/- 



Figure 13 A. Natural Killing Activities of Splenic NK 
3 0 Cells from Wild-Type and FcRy 111 mice 

Splenic NK cells generated after in vitro culture in 
the presence of exogenous IL-2 were tested for lytic 
activity against a set of targets including the NK- 
sensitive target YAC-1, the thymoma EL-4, and the 
35 TNP-derivatized EL-4. 
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Figure 13B. ADCC Activities of Splenic NK Cells from 
Wild-Type and FcRy nl mice 

ADCC activities were tested on the following 
targets: TNP-derivatized EL-4 cells coated with an 
5 anti-TNP IgGl antibody or TNP-derivatized, anti-TNP- 

coated EL-4 cells in the presence of the anti- 
FctRII/III antibody 2.4G2. 

Figure 14A. Functional Characterization of Mast cells 
10 from Wild-Type and Felly" 1 mice: Mast cell 

degranula tion . 

Bone marrow- derived mast cells were pre-sensitized 
with monoclonal murine IgE and subsequently 
degranulated by crosslinking with murine ant i- IgE 
15 antibody. Maximal degranulation was determined 

using ionophore A23187. 

Figure 14B. Functional Characterization of Mast cells 
from Wild-Type and FcRy nl mice: Mast cell 
20 serotonin release. 

Bone marrow- derived mast cells were preincubated 
with 3 H- serotonin and then incubated with monoclonal 
murine IgE. 3 H- serotonin released into the 

supernatant was quantitated after exposure to 
25 monoclonal anti-IgE or to ionophore A23187. 

Figure 14C. Functional Characterization of Mast cells 
from Wild-Type and FcRy 111 mice: RT-PCR 
analysis of IL-4 mRNA after crosslinking of 
30 IgE on mast cells. 

Mast cells were prepared and sensitized as above and 
cells were collected and subjected to RT-PCR 
analysis for IL-4 mRNA as described in Experimental 
Procedures . 
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Figure 14C. Functional Characterization of Mast cells 
from Wild-Type and FcRy^mice: Prostaglandin 
D 2 release from mast cells after crosslinking 
of IgE. 

5 Bone marrow-derived mast cells were sensitized 

overnight with mouse monoclonal IgE. The cells were 
stimulated as above and culture supernatants were 
collected at various time intervals. Amount of 
prostaglandin D 2 released in the supernatant was 
10 determined by radioimmunoassay. 

Fourth Series of Experiments 
Figure 15 

The Arthus reaction at 8 hours in +/+ (top) vs. -/- 
15 (bottom) mice, histologic sections of skin stained 

with hematoxylin and eosin. Panels at left 
("Control") injected intradermally with either 
normal saline /pre immune rabbit IgG prior to 
intravenous injection of 20mg/kg ovalbumin, panels 
20 at right injected with 100/xg rabbit anti-ovalbumin 

IgG. Magnification of small vessel with marginating 
neutrophils is shown in inset. 

Figure 16 

25 Edema from 2 hour Arthus reaction. At left, /xl 

edema in +/+ vs.-/- mice in typical 2 hour 
experiment, quantitated after IV injection of 10 6 
cpm 12S I human serum albumin by direct measurement of 
cpm 125 I in rabbit anti-ovalbumin (30j*g) injected 

3 0 skin, with negative control area subtracted out; re- 

sults are representative of at least 3 0 skin sam- 
ples. Photograph at right shows Evans Blue extrav- 
asation in + / + (top) vs. -/- (bottom) after inclu- 
sion of 2% Evans Blue in intravenous injectate. 

35 Upper left quadrant in each skin section injected 
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with buffer alone, Rba-OVA injected in other three 
quadrants. The horizontal bar represents the mean 
value . 



5 Figure 17 

Hemorrhage from 8 hour Arthus reaction. At left, 
measurement of purpuric spots in representative 8 
hour experiment using 30fxg antibody; at right, 
photograph of inverted skin samples with +/+ at top 
10 and -/- at bottom. Negative control injections are 

in upper right, Rba-OVA at other three sites. 

Figure 18 

Myeloperoxidase from 8 hour Arthus reaction as 
15 measure of neutrophil infiltration. Myeloperoxidase 

was colorimetrically quantitated as previously 
described (12) ; experiment is representative of 
results from at least 20 skin samples in each group. 

20 Figure 19 

Arthus reaction using mouse IgG2a. 100/zg affinity- 
purified monoclonal mouse IgG2a against TNP was 
injected ID and 20mg/kg DNP-coupled human serum 
albumin injected IV; animals were sacrificed at 8 
25 hours. Skin samples were fixed in 10% buffered 

formalin and stained with hematoxylin and eosin. 



Figure 20 

Arthus reaction in -/- mice using IgG3 and zymosan. 
30 At left, 30jig affinity purified monoclonal mouse 

IgG3 against TNP injected ID, with 20mg/kg DNP-human 
serum albumin IV, animals were sacrificed at 8 hours 
post injection. At right, section of skin obtained 
4 hours after ID injection of 250^g zymosan. 
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Figure 21 

Arthus reaction in complement depleted mice. Mice 
were injected three times intraperitoneally with 
lOOU/kg cobra venom factor at 8 hour intervals prior 
5 to performance of standard Arthus reaction. 

Representative sections taken at 8 hours from +/+ 
(left) and -/- (right) mice. 

Figure 22 

10 The Fc receptor and the Arthus reaction. This 

model, delineated by solid arrows, proposes that 
immune complexes bind to Fc receptors on the 
effector cell, which then becomes activated to 
release mediators that ultimately result in the 

15 primary manifestations of the Arthus reaction. The 

pathway of the classical model of immune complex- 
mediated inflammation, by which complement binds 
directly to immune complexes causing its activation, 
is shown in dotted lines at left. 

20 

Figure 23. Protein complexes of the human IgG and IgE Fc 
receptor family 

Members of the Ig-superf amily of Fc receptors are 
shown. All are membrane spanning molecules, with 

25 the exception of Fc^RIIIB, which is anchored to the 

membrane via a GPI tail. Individual subunits are 
given Greek symbols, e.g. a, /J, y etc. Multiple 
genes encoding homologous ot subunits are referred to 
as A,B,C. Extracellular domains are indicated as 

30 blue spheres. Activation motifs (ARAM), found in 

the cytoplasmic domains are indicated as bullets, 
while the inhibitory motif of the B cell FC7RIIB is 
displayed as a cylinder. 



35 
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Fifth Series of Experiments. 
Figure 24A-F. 

Nontransgenic mouse. Plots show no 3g8 binding on 

a variety of cell lines. 

5 

Figure 25. 

Transgenic mouse expressing human FC7RIIIB. Shows 
3G3 binding on a variety of cell lines. 

10 Sixth Series of Experiments. 
Figure 26. 

Experimental murine autoimmune hemolytic anemia 
induced by rabbit polyclonal anti-mouse red blood 
cell IgG. Daily hematocrits of wild- type (+/+, 

15 filled circles and squares) and homozygous g chain 

deficient littermates (-/-, open circles and 
squares) . Circles denote uninjected control animals 
and squares denote animals injected with rabbit 
ant i- mouse RBC IgG. 

20 Methods : Two to four month-old mice were injected 
intaperitoneally with 200 micrograms of purified 
polyclonal rabbit a-MRBC IgG. Hematocrits were 
determined with heparinized microhematocrit 
capillary tubes (Becton-Dickinson) and a 

25 hematocentrifuge (Baxter) using 200 microliters of 

blood obtained from the retroorbital plexus . The 
mean hematocrit of five mice in each group is 
presented. The IgG fraction of Rabbit a-mouse RBC 
sera (Cappel) was obtained by protein A/G affinity 

3 0 chromatography (Pierce) and purity confirmed by 

polyacrylamide gel electrophoresis. 

Figure 27. 

Experimental murine autoimmune hemolytic anemia 
35 induced by mAb 34-3C (A) and 31-9D (B) . Daily 
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hematocrits of wild- type (+/+, filled squares) and 
homozygous g chain deficient littermates (-/-, open 
squares) are shown. Circles denote uninjected 
animals. (C) Nadir hematocrits achieved by mice 
5 injected with pathogenic mouse aMRBC monoclonal 

antibodies and rabbit aMRBC IgG. Mean hematocrits 
obtained from five mice in each group is presented. 
Hatched areas indicate the differences in anemia 
induction attributable to cobra venom factor 

10 treatment. 

Methods : Mouse monoclonal IgG antibodies (34 -3C and 31- 
9D) were purified from ammonium sulphate 
precipitated concentrated tissue culture 
supernatants as described in Figure 1. 4C8, an IgM 

15 mouse monoclonal antibody, was purified from 

ammonium sulphate concentrated tissue culture 
supernatant using Sephacryl 200 (Pharmacia) gel 
filtration chromatography and checked for purity by 
PAGE . Mice were injected i.p. with 12 0 micrograms 

20 34-3C or 70 micrograms of 31- 9D or 200 micrograms of 

4C8 or rabbit aMRBC IgG. CVF- treated mice recieved 
10 micrograms cobra venom factor (Calbiochem) i.p. 
24 hours prior to and 48 hours after injection of 
Rabbit aMRBC IgG. 

25 

Figure 28: 

Experimental autoimmune murine thrombocytopenia is 
mediated by Fc receptors. Platelet counts (X 10 3 /ul) 
from g -/- mice (open squares) and g +/+ mice (solid 

30 squares) and g +/+ mice treated with Fc blocking 

antibody 2.4G2 (triangles) are shown. Mean data 
from groups of 4 mice are shown. 
Methods : Two to four month old mice were injected i.v. 
with 15 micrograms of purifed mouse monoclonal 

35 antibody 6A6 . 20ul of blood obtained from the 
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retroorbital plexus was diluted in buffer containing 
ammonium oxalate (Unopette Kits; Becton-Dickinson) . 
Platelets were counted using a hematocytometer under 
a phase -contrast microscope. Fc blocked g+/+ mice 
5 recieved a maximal inhibitory dose (17) of 8 ug of 

mAb 2.4G2 (Pharmingen) per gm body weight i.v. 1 
hour prior to injection of mAb 6A6 . 

Figure 29: 

10 Mediation of effector cell responses by cytotoxic 

antibodies . 

Lungs from two strains of mice - a wild-type animal 
(C57B6) and a littermate, genetically identical 
except for a specific mutation at the FCR7 locus 

15 (knockout) . This mutation results in the 

elimination of two classes of IgGFc receptors, FcyRI 
and FcyRIII. 10 5 B16 melanoma cells were injected 
intravenously into both strains of mice. Two weeks 
later, the mice were sacrificed and their lungs 

20 examined for tumor nodules, in the left hand panel 

both wild- type and knockout mice show numerous 
metastatic nodules, characteristic of this tumor 
model. However, as seen in the right hand panels, 
if these mice are treated with a monoclonal antibody 

25 TA66, directed against the melanoma cells, then the 

wild-type animal is significantly protected form 
tumor metastases to the lung, while the knockout 
mouse has gained no protective effect from the anti- 
tumor antibody. 
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Detailed Description of the Invention 

This invention provides a non-naturally occurring non- 
5 human vertebrate animal incapable of expressing a 
functional Fc receptor. In an embodiment of this 
invention the non-human vertebrate animal is a mammal. 
The mammal is preferably a rodent. Still more preferably 
the rodent is a hamster or a murine animal. Examples of 
10 murine animals include mice and rats. 

The various techniques disclosed herein for mice can be 
applied to other animals including but not limited to, 
rats, dogs, sheep, cows, goats, hamsters and gerbils. 

15 

In an embodiment, the Fc receptor is a FcyRI, FcyRIIIA, 
or FceRI . In a specific embodiment, the animal is 
incapable of expressing a functional Fc receptor gamma 
subunit. 

20 

In an embodiment, the Fc receptor is a Fc gamma receptor. 

In a specific embodiment, the Fc gamma receptor is FcyRI, 
such as for example FcyRIA. In a more specific 
25 embodiment, the animal is incapable of expressing a 
functional FcyRIA alpha subunit. 

In another specific embodiment, the Fc gamma receptor is 
FcyRII, such as for example FcyRIIB. In a more specific 
30 embodiment, the animal is incapable of expressing a 
functional FcyRUB alpha subunit. 

In another specific embodiment, the Fc gamma receptor is 
FcyRIII, such as for example FC7IIIA. In a more specific 
35 embodiment, the animal is incapable of expressing a 



WO 95/28959 



PCT/US95/05171 



- 41 - 

functional FcyRIIIA alpha subunit . 

In another embodiment, the Fc receptor is FceRI. In a 
more specific embodiment, the animal is incapable of 
5 expressing a functional FceRI alpha subunit. 

This invention provides the animal described above 
characterized by inability to display an inflammatory 
response to cytotoxic antibodies. 

10 

This invention provides the animal described above 
characterized by inability to display an inflammatory 
response to immune complex deposition. Examples of 
inflammatory response include anaphylaxis; hemorrhage; 
15 neutrophil infiltration; edema; phagocytosis; killer-cell 
mediated lysis; asthma; and rash. 

This invention provides the animal described above 
characterized by inability of the mast cells of the 

20 animal to degranulate; by inability of the basophils of 
the animal to degranulate; by inability of the 
macrophages of the animal to mediate phagocytosis; by 
inability of the neutrophils of the animal to mediate 
phagocytosis; by inability of the neutrophils of the 

25 animal to mediate antibody- dependent cellular 
cytotoxicity; or by inability of the natural killer cells 
of the animal to mediate antibody -dependent cellular 
cytotoxicity. 

30 This invention provides a mutated form of isolated animal 
genomic DNA encoding a functionally deficient Fc 
receptor. The DNA preferably encodes mammalian Fc 
receptor. Still more preferably, the DNA encodes rodent 
Fc receptor, for example mouse, rat or hamster Fc 

35 receptor. 
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In an embodiment the DNA encodes functionally deficient 
FcyRI, FcyRIIIA or FceRI. In a specific embodiment, the 
DNA encodes functionally deficient Fc receptor gamma 
subunit . 

5 

In an embodiment, the DNA encodes functionally deficient 
Fc gamma receptor. 

In a specific embodiment, the Fc gamma receptor is FcyRI . 
10 In a more specific embodiment, the Fc gamma receptor is 
FcyRIA. In an embodiment, the DNA encodes functionally 
deficient FcyRIA alpha subunit. 

In a specific embodiment, the Fc gamma receptor is 
15 FcyRII. In a more specific embodiment, the Fc gamma 
receptor is FcyRIIB. In an embodiment the DNA encodes 
functionally deficient FcyRIIB alpha subunit. 

In a specific embodiment, the Fc gamma receptor is 
20 FcyRIII. In a more specific embodiment, the Fc gamma 
receptor is FcyRIIIA. In an embodiment the DNA encodes 
functionally deficient FcyRIIIA alpha subunit. 

In a specific embodiment, the Fc receptor is FceRI. In 
25 an embodiment, the DNA encodes functionally deficient 
FceRI alpha subunit. 

In an embodiment the DNA comprises an insertional 
mutation, and preferably also contains an antibiotic 
3 0 resistance marker. In a specific embodiment, the 
insertional mutation is insertion of a poly (A) trap 
vector, for example pMCl-neo. 

This invention also provides a vector comprising: the 
35 above -described DNA; and DNA flanking sequences adjacent 
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to the DNA encoding functionally deficient Fc receptor, 
the flanking sequences being homologous to sequences 
adjacent to the genomic DNA encoding functional Fc 
receptor. 

5 

In a specific embodiment, the vector is a plasmid or a 
viral vector. In a preferred embodiment, the plasmid 
vector is PFCR7P. 

10 This plasmid, pFO^yP, was deposited on August 17, 1994 
with the American Type Culture Collection (ATCC) , 12301 
Parklawn Drive, Rockville, Maryland 20852, U.S.A. under 
the provisions of the Budapest Treaty for the 
International Recognition of the Deposit of Microorganism 

15 for the Purposes of Patent Procedure. Plasmid PFCR7P was 
accorded ATCC Accession Number 75863. 

This invention also provides a non-naturally occurring 
non-human vertebrate animal incapable of expressing a 

20 functional non-human Fc receptor capable of expressing a 
protein which comprises a domain of a human Fc receptor. 
The animal may be a mammal. The mammal may be a rodent, 
for example a mouse, rat or a hamster. As used herein, 
a Fc receptor domain refers to the shortest amino acid 

25 sequence which defines a functional motif; for example a 
ligand binding motif, receptor assembly motif, 
intracellular activation motif, or intracellular 
repression motif. The domain may be the entire 
extracellular or the entire intracellular portion of a Fc 

30 receptor or Fc receptor subunit . 

In an embodiment, the protein comprises a human Fc 
receptor or subunit thereof. 

35 
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In an embodiment, the subunit is human Fc receptor gamma 
subunit, alpha subunit, 'zeta subunit, or beta subunit. 

In a specific embodiment, the Fc gamma receptor may be 
5 FcyRI, such as for example FcyRIA, FcyRIB or FcyRIC. In 
another specific embodiment, the Fc gamma receptor is 
FcyRII, such as for example FcyRI IA, FcyRIIB, or FcyRIIC. 
In another specific embodiment, the Fc gamma receptor is 
FcyRIII, such as for example FcylllA or FcylllB. In 
10 another embodiment, the Fc receptor is FceRI. 

This invention also provides an isolated DNA molecule 
comprising a cell type expression regulating sequence; 
and a sequence encoding a protein which contains a domain 
15 of a human Fc receptor or subunit thereof, under 
transcriptional control of the cell type expression 
regulating sequence. 

In an embodiment of the above -described DNA, the encoded 
20 protein is a human Fc receptor or subunit thereof. 

In an embodiment the subunit is human Fc receptor gamma 
subunit, FceRI beta subunit, FCyRIII zeta subunit, or Fc 
receptor alpha subunit . 

25 

In more specific embodiments the alpha subunit is a FcyRI 
alpha subunit, for example a FcyRIA alpha subunit, a 
FcyRIB alpha subunit, or a FcyRIC alpha subunit; a 
FcyRIIIA alpha subunit; or a FceRI alpha subunit. 

30 

In another embodiment the Fc receptor is FCyRII, for 
example FcyRIIA, FcyRIIB or FcyRIIC; or the Fc receptor 
is FcyRIIIB. 



35 
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This invention provides a method for identifying a 
proinflammatory agent dependent on a functional Fc 
receptor, comprising: administering to a vertebrate 
animal capable of expressing a functional Fc receptor and 
5 to a vertebrate animal incapable of expressing a 
functional Fc receptor, an amount of the proinflammatory 
agent effective to induce an inflammatory response in the 
animal capable of expressing the functional Fc receptor; 
and determining less inflammatory response in the animal 

10 incapable of expressing the functional Fc receptor than 
in the animal capable of expressing the functional Fc 
receptor, thereby identifying the proinflammatory agent 
dependent on the functional Fc receptor. The animal is 
preferably a mammal, for example a rodent such as a 

15 mouse, rat or a hamster. 

This invention also provides a method for identifying a 
proinflammatory agent not dependent on a functional Fc 
receptor, comprising: administering to a vertebrate 

20 animal incapable of expressing the functional Fc receptor 
an amount of the proinflammatory agent effective to 
induce an inflammatory response; and detecting an 
inflammatory response in the animal incapable of 
expressing the functional Fc receptor, thereby 

25 identifying the proinflammatory agent not dependent on 
the functional Fc receptor. In a specific embodiment, 
the animal incapable of expressing the functional Fc 
receptor displays substantially no inflammatory response 
to the proinflammatory agent. The animal is preferably 

3 0 a mammal, for example a rodent such as a mouse, a rat or 
a hamster. 

In an embodiment of the above -described methods for 
identifying a proinflammatory agent, the Fc receptor is 
35 a mouse Fc receptor. 
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In another embodiment, a domain of the Fc receptor 
comprises a human Fc receptor domain. In a specific 
embodiment, the Fc receptor is a human Fc receptor. 

5 In an embodiment, the Fc receptor is a FcyRI, Fc-yRIIIA, 
or FceRI . 

In an embodiment of the above-described method, the 
animal incapable of expressing the functional Fc receptor 
10 is incapable of expressing functional Fc receptor gamma 
subunit . 

In another embodiment, the animal incapable of expressing 
the functional Fc receptor is incapable of expressing 
15 functional Fc receptor alpha subunit or functional Fc 
receptor beta subunit, 

In an embodiment, the Fc receptor is a Fc gamma receptor. 
In a specific embodiment, the Fc receptor is FcyRI, for 

20 example FcyRIA, FcyRIB, or FcyRIC. In a specific 
embodiment, the Fc receptor is FcyRII, for example 
FcyRIIA, FcyRIIB, or FcyRIIC. In a specific embodiment, 
the Fc receptor is FcyRIII, for example FcyRIIIA or 
FcyRIIIB. In a specific embodiment, the Fc receptor is 

25 FceRI. 

The proinflammatory agent may be administered according 
to techniques known to those of skill in the art, for 
example intravenously, intraperitoneally, intrathecally, 
• 30 intradermally, intramuscularly, topically, orally, or by 
inhalation . 

This invention provides the above -described method 
wherein the inflammatory response is anaphylaxis. 

35 
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The proinflammatory agent may be IgE immune complex or 
IgG immune complex. In the above-described method the 
inflammatory response may be selected from the group 
consisting of edema , hemorrhage, and neutrophil 
5 infiltration. 

The proinflammatory agent may be an IgG immune complex. 
The inflammatory response may be is type II acute 
inflammation. 

10 

In an embodiment, the proinflammatory agent is a 
cytotoxic autoantibody. 

This invention provides a method of identifying an anti- 
15 inflammatory agent, comprising: administering to a test 
animal capable of expressing a protein which comprises a 
domain of a human Fc receptor an amount of a 
proinflammatory agent capable of inducing an inflammatory 
response in the animal in the absence of the anti- 
20 inflammatory agent, and an inflammation inhibiting 
effective amount of the anti- inflammatory agent; and 
determining decreased inflammatory response, thereby 
identifying the anti- inflammatory agent. The animal is 
preferably a mammal, for example a rodent such as a 
25 mouse, rat or hamster. 

The proinflammatory agent and the anti -inflammatory agent 
may each independently be administered intravenously, 
intraperitoneally, intrathecally , intradermally , 
30 intramuscularly, topically, orally, or by inhalation. 

In an embodiment, the inflammatory response is 
anaphylaxis . 



35 
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The proinflammatory agent may be IgE immune complex or 
IgG immune complex. In' the above-described method the 
inflammatory response may be selected from the group 
consisting of edema, hemorrhage, and neutrophil 
5 infiltration. 

The proinflammatory agent may be an IgG immune complex. 
The inflammatory response may be is type II acute 
inflammation. 

10 

In an embodiment, the proinflammatory agent is a 
cytotoxic autoantibody. 

In an embodiment, the proinflammatory agent and the anti- 
15 inflammatory agent are administered simultaneously. In 
another embodiment the proinflammatory agent is 
administered after the anti- inflammatory agent. In 
another embodiment the anti -inflammatory agent is 
administered after the proinflammatory agent and 
20 decreases the inflammatory response induced by the 
proinflammatory agent. 

In a specific embodiment the decreased inflammatory 
response is determined by comparison to a control animal 
25 capable of expressing which comprises a domain of a human 
Fc receptor to which the proinflammatory agent but not 
the anti -inflammatory agent has been administered. 

This invention also provides a method for determining an 
30 anti- inflammatory agent dependent on a Fc receptor, 
comprising: 

(a) administering to a first animal capable of expressing 
a functional Fc receptor and to a second animal incapable 
of expressing the functional Fc receptor an amount of the 
35 proinflammatory agent effective to induce an inflammatory 
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response in the first animal and in the second animal, 
the inflammatory response being stronger in the first 
animal than in the second animal; 

(b) administering to the inflamed first and second 
5 animals an amount of an anti- inflammatory agent effective 

to decrease the inflammatory response in the first 
animal; and 

(c) detecting decrease of the inflammatory response in 
the first animal and detecting no decrease of the 

10 inflammatory response in the second animal, 

thereby de terming the anti -inflammatory agent dependent 
on the Fc receptor. The animal is preferably a mammal, 
for example a rodent such as a mouse, rat or hamster. 

15 In an embodiment of the above -described method the animal 
is capable of expressing a protein which comprises a 
domain of a human Fc receptor. 

The proinflammatory agent and the anti -inflammatory agent 
20 may be administered by techniques known to those of skill 
in the art. In an embodiment the proinflammatory and 
anti -inflammatory agents are each independently 
administered intravenously, intraperitoneal ly , 
intrathecally, intradermally, intramuscularly, topically, 
25 orally, or by inhalation. 

In an embodiment, the inflammatory response is 
anaphylaxis. In a specific embodiment the 

proinflammatory agent is IgE immune complex or IgG immune 
30 complex. 

In another embodiment the inflammatory response is 
selected from the group consisting of edema, hemorrhage, 
and neutrophil infiltration. In a specific embodiment 
35 the proinflammatory agent is an IgG immune complex. 
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In an embodiment the inflammatory response is type II 
acute inflammation. In a specific embodiment the 
proinflammatory agent is a cytotoxic autoantibody. 

5 This invention also provides an anti- inflammatory agent 
identified by the above -described methods. 

This invention also provides a pharmaceutical composition 
comprising the anti -inflammatory agent identified by the 
1U method described above, and a pharmaceutically acceptable 
carrier. 

In an embodiment of the pharmaceutical composition the 
anti -inflammatory agent is a polypeptide. In a specific 

15 embodiment the polypeptide comprises an antibody Fc 
domain but no functional antigen binding site. In 
another specific embodiment the polypeptide is soluble 
and comprises a Fc receptor ligand binding domain. In 
another embodiment the polypeptide comprises a Fc 

20 receptor- specif ic antibody or F(ab) 2 fragment thereof. 
An oligopeptide which blocks immune complex binding to 
immunoglobulin Fc receptors is disclosed in U.S. Patent 
No. 4,686,282 (Hahn, 1987). U.S. Patent No. 5,198,342 
(Maliszewski, 1933) discloses DNA encoding IgA Fc 

25 receptors. 

This invention provides a method for inhibiting 
stimulation of Fc receptor-bearing cells in a subject, 
comprising administering to the subject an amount of the 
30 above -described anti -inflammatory agent effective to 
inhibit stimulation of the Fc receptor-bearing cells in 
the subject. 

This invention also provides embodiments wherein the Fc 
35 receptor-bearing cells are mast cells, neutrophils, 
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macrophages, natural killer cells, or basophils. 

This invention also provides a method for treating a Fc 
receptor-dependent condition in a subject, comprising 
5 administering to the subject an amount of the above- 
described anti- inflammatory agent effective to treat the 
Fc receptor-dependent condition in the subject. In an 
embodiment, the subject is a mammal. Examples of 
suitable mammals include, but are not limited to, 
10 rodents, such as a mouse, rat or hamster, or humans. 

This invention provides embodiments wherein the Fc 
receptor-dependent condition is type III inflammation, 
IgE-mediated allergy, asthma, anaphylaxis, autoimmune 
15 disease, IgG-mediated cytotoxicity, or rash. 

This invention provides a method for identifying an agent 
capable of inhibiting a complex of : a protein and a 
. ligand capable of binding to the protein in the absence 

20 of the agent, the protein comprising an extracellular 
domain of a Fc receptor or Fc receptor subunit. The 
method comprises: incubating a first incubation cocktail 
which contains the protein, the ligand, and the agent, 
and a second incubation cocktail which contains the 

25 protein and the ligand but not the agent; detecting the 
amount of protein- ligand complex in the first and second 
incubation cocktails; and determining less protein-ligand 
complex in the first cocktail than in the second 
cocktail, thereby identifying the agent capable of 

30 inhibiting a complex of the protein and the ligand. 

In various embodiments the protein may be solubilized in 
aqueous solution, immobilized on a solid support, or 
positioned in a lipid bilayer, or positioned in a 
3 5 micelle. In a specific embodiment the lipid bilayer is 
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a membrane . 

This invention provides embodiments of the above - 
described invention in which the Fc receptor is a 
5 mammalian Fc receptor. In specific embodiments the 
mammalian Fc receptor is a murine Fc receptor, a hamster 
Fc receptor, or a human Fc receptor. The murine Fc 
receptor may be either a mouse Fc receptor or a rat Fc 
receptor. 

10 

In an embodiment the protein is a Fc receptor or subunit 
thereof . 

In embodiments of the above -described invention the Fc 
15 receptor subunit is a gamma subunit, an alpha subunit, or 
a beta subunit. 

In an embodiment the Fc receptor is a Fc gamma receptor. 
. In an embodiment the Fc receptor is Fc?RI, for example 
2 0 FcyRIA, FcyRIB, or FcyRIC. In another embodiment the Fc 
receptor is FcyRII, for example FcyRIIA, FC7RIIB , or 
FcyRIIC. In an embodiment the Fc receptor is FcyRIII, 
for example FC7RIIIA or FcyRIIIB. In another embodiment 
the Fc receptor is FceRI. 

25 

In an embodiment the ligand is a polypeptide. In another 
embodiment the ligand is a Fc receptor-binding antibody. 
In specific embodiments the Fc receptor-binding antibody 
is an IgG, an IgE, or an IgA. 

30 

In an embodiment the ligand is labeled. In a specific 
embodiment the label is a radioactive label. An example 
of a radioactive label that may be used in this method is 
125 I. 

35 
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In an embodiment of the above-described method the 
complex is detected by radioimmunoassay. In another 
embodiment the complex is detected by enzyme -linked 
immunosorbent assay (ELISA) . Examples of useful enzymes 
for ELISA include horseradish peroxidase, alkaline 
phosphatase, or beta-galactosidase . ELISA is well known 
to those of skill in the art and is described, inter 
alia , in Sambrook, et al., Molecular Cloning: A 
Laboratory Manual, 2nd ed. f (Cold Spring Harbor, 1989). 



This invention provides a complex- inhibiting agent 
identified by the above -described method. This invention 
further provides a pharmaceutical composition comprising 
the complex- inhibiting agent identified by the above - 
15 described method and a pharmaceutically acceptable 
carrier . 



Further ant i- inflammatory agents and complex- inhibiting 
agents can be generated using molecular modeling 

20 techniques known to those of skill in the art. In one 
such approach, based on a known amino acid sequence of, 
for example a receptor ligand binding site or other 
functional motif, and three-dimensional coordinates from 
similar molecules, a three-dimensional structure is 

25 predicted. 

Computer-based molecular modeling and the rational design 
of lead ant i- inflammatory and anti-allergic agents, 
identified according to the methods and compositions 
3 0 described herein, may be used in a method to identify 
pharmaceutically useful compounds. An example of a 
method for rational drug design is disclosed in PCT 
application international publication number WO 93/02209, 
which reference is incorporated by reference. 



35 
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Specifically, a molecular model may be developed by 
determining the three-dimensional structure of a 
crystallized or non-crystallized compound, or a 
combination thereof, of a one or more molecules. The 
5 molecules may include protein molecules or portions 
thereof including amino acids, peptides, polypeptides or 
protein complexes. Various ligand molecules in complex 
with one or more other ligands, or various combinations 
thereof may also serve as basis upon creation of the 

10 model. The molecular model may also be based upon a 
protein or portion thereof in complex with one or more 
ligand molecules, such as an Fc receptor or derivative or 
portion thereof in complex with ligand serving as the 
model for the lead anti- inflammatory or anti -allergic 

15 agent . 

To create and apply such a molecular model-based drug 
design regime, a variety of techniques may be employed 
that are known in the art. The include X-ray 

20 crystallography, nuclear magnetic resonance (NMR) , 
computer-based molecular modelling, molecular biology, 
biochemistry and various enzymology techniques (Wuthrich, 
"Protein structure determination in solution by nuclear 
magnetic resonance spectroscopy, 243 Science 45:46 

25 (1989); Blundell et al . , Protein Crystallography 13 
(1976); Cantor et al . , Biophysical Chemistry Part II: 
Techniques for the study of biological structure and 
function, 481 (1980); Clore et al . , Determination of 
Three-dimensional structures of proteins in solution by 

30 nuclear magnetic resonance spectroscopy, 1 Protein Eng. 

275:280-81 (1987); Braun, Distance geometry and related 
methods for protein structure determination from NMR 
data, 19 Q. Rev. of Biophys., 115:116-122 (1987); 
Berzofsky, Intrinsic and extrinsic factors in protein 

35 antigenic structure, 229 Science 932:937-938 (1985))). 
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In a preferred embodiment, an Fc receptor or portion 
thereof will serve as the target for anti-inflammatory 
and anti -allergic drug design. The target may be 
generated from experimentally derived data and examined 
5 using various theoretical principles and paralleled 
experimental assays to determine the structure and 
function relationship between Fc receptor and ligand 
agent . 

10 In some instances, such a model may be used to predict 
specific chemical changes that will result in a Fc 
receptor or ligand agent having new properties. 
Structural models may also serve as a template or object 
target in the design of various effector molecules that 

15 bind to the target Fc receptor or ligand agent which 
either block, reduce, enhance or otherwise influence the 
receptor's activity. 

Lead anti- inflammatory or anti-allergic agents may then 
20 be empirically tested using the in vitro and in vivo 
assays described herein to identify pharmaceutically 
useful therapeutic agents. 

One may also treat a subject, including a human subject, 
25 for a condition, including but not limited to an 
autoimmune condition or an inflammatory condition, using 
gene therapy, based on the results presented herein. 

In an embodiment the complex -inhibiting agent is a 
30 polypeptide. In a specific embodiment of the 

pharmaceutical composition, the polypeptide comprises an 
antibody Fc domain but no functional antigen binding 
site . 



35 
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This invention provides a method for inhibiting 
stimulation of Pc receptor-bearing cells in a subject, 
comprising administering to the subject an amount of the 
complex- inhibiting agent effective to inhibit stimulation 
5 of the Fc receptor-bearing cells in the subject. 

In specific embodiments of this invention the Fc 
receptor-bearing cells are mast cells, neutrophils, 
natural killer cells, or basophils. 

10 

This invention also provides a method for treating a Fc 
receptor- dependent condition in a subject, comprising 
administering to the subject an amount of the anti- 
inflammatory agent identified by the above -described 
15 method effective to treat the Fc receptor-dependent 
condition in the subject. 

In an embodiment of the above-described method the Fc 
receptor -dependent condition is type III inflammation, 
20 IgE-mediated allergy, asthma, anaphylaxis, autoimmune 
disease, IgG-mediated cytotoxicity, or a rash. 

This invention provides a transgenic non-human animal or 
progeny thereof lacking one or more functional Fc 
25 receptors. In a preferred embodiment, the animal is 
selected from the group consisting of murine non-human 
animals. 

In an embodiment, the Fc receptor comprises an IgG Fc 
30 receptor. In another embodiment, the Fc receptor 
comprises an IgG and an IgE Fc receptor. 

In an embodiment, the non-human animal is characterized 
by its inability to elicit an antibody-mediated 
35 inflammatory or allergic response. 
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This invention provides an isolated nucleic acid molecule 
comprising a nucleotide sequence encoding a functionally 
deficient Fc receptor or portion thereof. In an 
embodiment, the Fc receptor comprises an IgG receptor. 
5 In another embodiment, the Fc receptor comprises an IgG 
and an IgE Fc receptor. 

In an embodiment of the isolated nucleic acid molecule 
described above, the nucleic acid molecule encodes a 
10 portion of a Fc receptor which is functional. In another 
embodiment, the nucleic acid molecule encodes a portion 
of a Fc receptor which is non- functional . 

This invention provides a non-human animal as described 
15 above which expresses a Fc receptor comprising a human Fc 
receptor or portions thereof. 

In an embodiment, the Fc receptor is a functional 
receptor. In a specific embodiment, the Fc receptor 
20 comprises an IgG Fc receptor. In another embodiment the 
Fc receptor comprises an IgG and an IgE Fc receptor. 

In a specific embodiment, the non-human animal is 
selected from the group consisting of murine non- human 
25 animals. 

In an embodiment, the non-human animal is characterized 
by its ability to elicit an antibody-mediated 
inflammatory or allergic response. In another 

30 embodiment, the non-human animal is characterized by its 
inability to elicit an antibody-mediated inflammatory or 
allergic response. 

This invention provides an isolated nucleic acid molecule 
35 comprising a nucleotide sequence encoding a protein 
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comprising a human Fc receptor or portions thereof. In 
an embodiment, the nucleotide sequence encodes an Fc 
receptor capable of mediating an antibody-mediated 
inflammatory or allergic response. In a more specific 
5 embodiment, the Fc receptor comprises an IgG Fc receptor. 
In another embodiment, the Fc receptor comprises an IgG 
and an IgE Fc receptor. 

This invention provides a method for identifying an 
10 inflammatory or allergenic agent comprising: 
administering to a first non-human animal which expresses 
a functional Fc receptor and to a second non-human animal 
which lacks a functional Fc receptor, said second non- 
human animal comprising a transgenic non-human animal or 
15 progeny thereof, an amount of an agent effective to 
induce an inflammatory or allergic response in said first 
non-human animal; and identifying said agent which 
induces less inflammatory or allergic response in said 
. second non-human animal when compared to said 
20 inflammatory or allergic response of first non-human 
animal . 

In an embodiment, the second transgenic non-human animal 
or progeny thereof lacks one or more functional Fc 

25 rceptors. The Fc receptor may comprise an IgG receptor. 

It may also comprise an IgG and an IgE Fc receptor. In 
an embodiment, the first non-human animal is a transgenic 
non-human animal or progeny thereof. In an embodiment, 
the non-human animal is selected from the group 

30 consisting of murine non-human animals. In an 

embodiment, the second non-human animal is characterized 
by its inability to elicit an antibody-mediated 
inflammatory or allergic response. 

35 
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This invention provides a method for identifying an 
inflammatory or allergenic agent comprising: 
administering to a transgenic non-human animal or progeny 
thereof which lacks a functional Fc receptor, an amount 
5 of an agent effective to induce an inflammatory or 
allergic response; and identifying the agent which 
induces an inflammatory or allergic response in the non- 
human animal . 

10 In an embodiment, the non-human animal or progeny thereof 
lacks one or more functional Fc receptors. The Fc 
receptor may comprise an IgG receptor. It may also 
comprise an IgG and an IgE Fc receptor. In an 
embodiment, the first non-human animal is a transgenic 

15 non-human animal or progeny thereof. In an embodiment, 
the non-human animal is selected from the group 
consisting of murine non-human animals. 

. This invention provides a method for identifyina an anti- 
20 inflammatory or anti-allergenic agent comprising: 

a) administering to non-human animal which expresses a 
Fc receptor comprising a human Fc receptor or portions 
thereof, an effective amount of one or more first agents 
which induce an inflammatory or allergic response in the 

25 non- human animal; 

b) administering to the non-human animal an effective 
amount of one or more second agents which reduce or 
inhibit the inflammatory or allergic response in the non- 
human animal induced by the first agent (s); and 

30 c) identifying one or more of said second agents which 
reduce or inhibit the inflammatory or allergic response 
in the non-human animal. 

This invention provides a method for identifying an anti- 
35 inflammatory or anti-allergenic agent comprising: 
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a) administering to the non-human animal which 
expresses a Fc receptor comprising a human Fc receptor or 
portions thereof, an effective amount of one or more 
first agents which inhibit part or all of an inflammatory 

5 or allergic response in the non-human animal; 

b) administering to the non-human animal an effective 
amount of one or more seond agents which are capable of 
inducing an inflammatory or allergic response in the non- 
human animal of step a) in the substantial absence of the 

10 first agent (s); and 

c) identifying one or more of said first agents which 
inhibit the inflammatory or allergic response in the non- 
human animal when one or more of the second agents are 
administered to the non-human animal. 

15 

This invention also provides a method for identifying an 
anti-inflammatory or anti-allergenic agent comprising: 
administering to the non-human animal lacking one or more 
functional Fc receptors and the non-human animal which 

20 expresses a Fc receptor comprising a human Fc receptor or 
portions thereof, an effective amount of an agent which 
induces an inflammatory or allergic response in the non- 
human animal lacking one or more functional Fc receptors; 
and identifying the agent which induces less inflammatory 

25 or allergic response in the non-human animal which 
expresses a Fc receptor comprising a human Fc receptor or 
portions thereof when compared to the inflammatory or 
allergic responsse of the non-human animal lacking one or 
more functional Fc receptors. 

30 

This invention provides a method for identifying an 
agent capable of inhibiting a complex of a protein and a 
ligand capable of binding to the protein in the absence 
of the agent, the protein comprising an extracellular 
35 domain of a Fc receptor or portion thereof, comprising: 
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protein, the ligand, and the agent, and a second 
incubation cocktail which contains the protein and the 
ligand but not the agent; detecting the amount of 
5 protein- ligand complex in the first and second incubation 
cocktails; and determining less protein- ligand complex in 
the first cocktail than in the second cocktail, thereby 
identifying the agent capable of inhibiting a complex of 
the protein and the ligand. 

10 

In an embodiment of the non-naturally occurring animal 
animal wherein the animal incapable of expressing a 
functional Fc receptor of its own species, the Fc 
receptor is selected from the group consisting of: 
15 FcyRIA, FcyRIIB, FcyRIIIA, and FceRI. 

In a specific embodiment, the animal is incapable of 
expressing a functional gamma subunit and is incapable of 
expressing a functional FcyRIIB alpha subunit. In 

20 another embodiment the animal is incapable of expressing 
a functional FcyRIA alpha subunit, FcyRIIB alpha subunit, 
FcyRIIIA alpha subunit, and FceRI alpha subunit. In an 
embodiment the animal is incapable of expressing a 
functional Fc receptor gamma subunit. In an embodiment, 

25 the animal is incapable of expressing a functional FcyRIA 
alpha subunit and FcyRIIB alpha subunit. In an embodiment 
the animal is incapable of expressing a functional Fc 
receptor gamma subunit. In an embodiment, the animal is 
incapable of expressing a functional FcyRIA alpha subunit 

30 and FcyRIIIA alpha subunit. In an embodiment, the animal 
is incapable of expressing a functional Fc receptor gamma 
subunit. In an embodiment, the animal is incapable of 
expressing a functional FcyRIA alpha subunit and FcaRI 
alpha subunit. In an embodiment, the animal is incapable 

35 of expressing a functional Fc receptor gamma subunit. 
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In another embodiment the animal is incapable of 
expressing a functional FcyRIIB alpha subunit and 
FcyRIIIA alpha subunit. In an embodiment, the animal is 
incapable of expressing a functional Fc receptor gamma 
5 subunit. In an embodiment, the animal is incapable of 
expressing a functional FcyRIIB alpha subunit and FceRI 
alpha subunit. In an embodiment, the animal is incapable 
of expressing a functional Fc receptor gamma subunit. In 
an embodiment, the animal is incapable of expressing a 

10 functional FcyRIIIA alpha subunit and FceRI alpha 
subunit. In an embodiment, the animal is incapable of 
expressing a functional Fc receptor gamma subunit. In an 
embodiment, the animal is incapable of expressing a 
functional FcyRIA alpha subunit, FcyRIIB alpha subunit, 

15 and FcyRIIIA alpha subunit. In an embodiment, the animal 
is incapable of expressing a functional Fc receptor gamma 
subunit. In an embodiment, the animal is incapable of 
expressing a functional FcyRIA alpha subunit, FcyRIIB 
alpha subunit, and FceRI alpha subunit. In an 

20 embodiment, the animal is incapable of expressing a 
functional Fc receptor gamma subunit. In an embodiment, 
the animal is incapable of expressing a functional FcyRIA 
alpha subunit, FcyRIIIA alpha subunit, and FceRI alpha 
subunit. In an embodiment, the animal is incapable of 

25 expressing a functional Fc receptor gamma subunit. In an 
embodiment the animal is incapable of expressing a 
functional FcyRIIB alpha subunit, FcyRIIIA alpha subunit, 
and FceRI alpha subunit. In an embodiment, the animal is 
incapable of expressing a functional Fc receptor gamma 

30 subunit. In an embodiment, the animal is incapable of 
expressing a functional Fc receptor gamma subunit. In an 
embodiment, the animal is incapable of expressing a 
functional murine Fc receptor gamma subunit. In an 
embodiment, the animal is incapable of expressing a 

35 functional murine Fc receptor gamma subunit. It is 
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preferred that the animal is a murine animal incapable of 
expressing is a murine Fc receptor. Most preferably, the 
animal is a mouse incapable of expressing a mouse Fc 
receptor . 

5 

This invention provides a vector comprising DNA encoding 
functionally deficient FcyRIA alpha subunit . Two such 
constructs are designated pFCRI alpha C2 and pFCRI alpha 
C3. 

10 

Plasmid pFCRI alpha C2, was deposited on April 21, 1994 
with the American Type Culture Collection (ATCC) , 12301 
Parklawn Drive, Rockville, Maryland 20852, U.S.A. under 
the provisions of the Budapest Treaty for the 
15 International Recognition of the Deposit of Microorganism 
for the Purposes of Patent Procedure. Plasmid pFCRI 
alpha C2 was accorded ATCC Accession Number . 

Plasmid, pFCRI alpha C3 , was deposited on April 21, 1994 
20 with the American Type Culture Collection (ATCC) , 12301 
Parklawn Drive, Rockville, Maryland 20852, U.S.A. under 
the provisions of the Budapest Treaty for the 
International Recognition of the Deposit of Microorganism 
for the Purposes of Patent Procedure. Plasmid pFCRI 
25 alpha C3 was accorded ATCC Accession Number . 

This invention provides a vector comprising DNA encoding 
functionally deficient FC7RIIB alpha subunit. This 
plasmid, pFCRII alpha beta 1, was deposited on April 21, 

3 0 1994 with the American Type Culture Collection (ATCC) , 
12301 Parklawn Drive, Rockville, Maryland 20852, U.S.A. 
under the provisions of the Budapest Treaty for the 
International Recognition of the Deposit of Microorganism 
for the Purposes of Patent Procedure. Plasmid pFCRII 

35 alpha beta 1, was accorded ATCC Accession Number . 
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This invention provides a vector comprising DNA encoding 
functionally deficient FcyRIIIA alpha subunit. This 
plasmid, pFCRIII alpha 1, was deposited on April 24, 1994 
with the American Type Culture Collection (ATCC) , 12301 
5 Parklawn Drive, Rockville, Maryland 20852, U.S.A. under 
the provisions of the Budapest Treaty for the 
International Recognition of the Deposit of Microorganism 
for the Purposes of Patent Procedure. Plasmid pFCRIII 
alpha 1, was accorded ATCC Accession Number . 

10 

In an embodiment of the animal incapable of expressing an 
Fc receptor of its own species, but capable of expressing 
a human Fc receptor or subunit thereof, the alpha subunit 
is a FC7RI alpha subunit. In another embodiment , the 
15 alpha subunit is a FcyRIIB alpha subunit. In an 
embodiment, the alpha subunit is a FC7RIII alpha subunit. 

This invention provides a vector comprising DNA which 
comprises a cell -type expression regulating sequence, and 

20 a sequence encoding a protein which contains a domain of 
a human Fc receptor or subunit thereof under 
transcriptional control of the cell-type expression 
regulating sequence. In a particular embodiment, the 
vector is a plasmid or a viral vector. In an embodiment, 

25 the Fc receptor is FC7RIIB. 

In an embodiment of the methods described above for 
identifying a proinflammatory agent dependent on a 
functional Fc receptor, or not dependent on a functional 

30 Fc receptor, for identifying an anti- inflammatory agent, 
or for treating a Fc receptor -dependent condition; the 
inflammatory response is hemolytic anemia. In another 
embodiment, the proinflammatory agent is a cytotoxic 
autoantibody. In an embodiment, the inflammatory 

3 5 response is thrombocytopenia. 
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This invention provides a method of identifying a 
therapeutic antibody dependent on a Fc receptor, 
comprising: administering to a test murine animal 
afflicted with a condition, wherein the test murine 
5 animal is the murine animal incapable of expressing a 
functional Fc receptor, an amount of the therapeutic 
antibody effective to ameliorate the condition in a 
murine animal capable of expressing the functional Fc 
receptor; and detecting substantially no amelioration of 
10 the condition in the test murine animal, thereby 
identifying the therapeutic antibody dependent on the Fc 
receptor. 

In an embodiment, the condition is the presence of tumor 
15 cells, and the antibody is a cytogenic ant i- tumor 
antibody. In an embodiment the condition is a tumor, the 
presence of pathogenic microbes, the presence of a toxic 
substance, or an inflammatory response. In a specific 
embodiment, condition is an inflammatory response and the 
20 antibody is capable of specifically binding to tumor 
necrosis factor. 

In a specific embodiment the Fc receptor comprises a 
murine Fc receptor domain or subunit thereof. In another 
25 embodiment the Fc receptor comprises a human Fc receptor 
domain or subunit thereof . 

Examples of the Fc receptor or subunit thereof include 
FcyRI, FcyRII, FcfRIII, or FceRI. In a specific 
30 embodiment, the the Fc receptor is FcyRI, FcyRII, 
FC7RIII, and FceRI. In specific embodiments, the 
antibody is a chimeric antibody or a humanized antibody. 

This invention provides a method of determining whether 
35 a modified antibody has a different half-life than a 



WO 95/28959 



PCIYUS95/05171 



- 66 - 

reference antibody of known half -life, comprising: 
administering the modified antibody to a murine animal, 
wherein the murine animal is capable of expressing a Fc 
receptor; measuring the half -life of the antibody in the 
5 murine animal; comparing the half -life of the antibody in 
the murine animal to the half -life of the reference 
antibody; and determining whether the modified antibody 
has a different half -life than the reference antibody. 

10 In an embodiment of the method described above, the Fc 
receptor comprises a murine animal Fc receptor domain or 
subunit thereof. In another embodiment, the Fc receptor 
comprises a human Fc receptor domain or subunit thereof. 

15 Examples of the Fc receptor include FC7RI, FC7RII, 
FcyRIII, and FceRI . In a specific embodiment, the Fc 
receptor is FcyRI , FC7RII, FcyRIII, and FceRI. In an 
embodiment, the antibody is a chimeric antibody or a 
humanized antibody. 

20 

This invention provides a method of identifying an 
antibody whose half-life is dependent on a Fc receptor, 
comprising: a) administering the antibody to a first 
murine animal capable of expressing a functional Fc 
25 receptor, measuring the half- life of the antibody in the 
first murine animal, and determining that the half -life 
of the antibody in the first murine animal is longer than 
in a murine animal incapable of expressing the functional 
Fc receptor; or 

3 0 b) administering the antibody to a second murine animal, 
wherein the second murine animal is the murine animal 
incapable of expressing a functional Fc receptor, 
measuring the half- life of the antibody in the second 
murine animal, and determining that the half -life of the 

35 antibody in the second murine animal is shorter than in 
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a murine animal capable of expressing the functional Fc 
receptor; thereby identifying the antibody whose half- 
life is dependent on the Fc receptor. 

5 In an embodiment of the above -described method the Fc 
receptor comprises a murine Fc receptor domain or subunit 
thereof. In another embodiment, the Fc receptor 
comprises a human Fc receptor domain or subunit thereof. 

10 Examples of the Fc receptor include FC7RI , FC7RII, 
FcyRIII, and FceRI. In a specific embodiment, the Fc 
receptor is FC7RI, FcyRII, FcyRIII, and FceRI. In an 
embodiment, the antibody is a chimeric antibody or a 
humanized antibody. 

15 

This invention provides a method of determining whether 
a test antibody induces a different degree of 
inflammatory response than a reference antibody, 
comprising: administering an amount of the test antibody 
20 to a murine animal, wherein the murine animal is the 
murine animal capable of expressing a functional Fc 
receptor; and determining whether the test antibody 
induces a different degree of inflammation than the same 
amount of the reference antibody. 

25 

In an embodiment, the test antibody induces a stronger 
inflammatory response than the reference antibody. In 
another embodiment, the test antibody induces a weaker 
inflammatory response than the reference, antibody. 

30 

Examples of the domain of a human Fc receptor include a 
domain of a human FcyRI, FC7RII, FC7RIII, or FceRI . In 
a specific embodiment, the domain of a human Fc receptor 
is a domain of human FC7RI , human FC7RII, human FC7RIII, 
35 and human FceRI. In an embodiment, the antibody is a 
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chimeric antibody or a humanized antibody. 

This invention provides a method of generating a Fc 
region-modified antibody, comprising: a) determining an 
5 antibody dependent on one or more Fc receptors according 
to the method described herein; b) identifying which Fc 
receptor or receptors the antibody is dependent by the 
methods described herein; c) modifying the Fc region of 
the antibody; d) characterizing the antibody according to 
10 one or more of the methods described herein e.g., half- 
life, inflammation, therapeutic effect, binding affinity; 
and e) optionally repeating steps c) and d) one or more 
times; thereby generating a Fc region-modified antibody. 

15 This invention provides a method of identifying an 
antibody capable of binding to a human Fc receptor or 
subunit thereof, comprising: incubating the antibody with 
a cell transfected with a vector encoding a protein which 
contains a domain of a human Fc receptor or subunit 

20 thereof under transcriptional control of a cell -type 
expression regulating sequence, wherein the cell 
expresses the Fc receptor or subunit thereof encoded by 
the vector; and detecting antibody-Fc receptor complex, 
thereby identifying the antibody capable of binding to 

25 the Fc receptor or subunit thereof. 

This invention provides a method of determining whether 
a test antibody binds to a human Fc receptor or subunit 
thereof with a different binding affinity than a 

3 0 reference antibody of known binding affinity, comprising: 
incubating the test antibody with a cell transfected with 
a vector encoding a protein which contains a domain of a 
human Fc receptor or subunit thereof under 
transcriptional control of a cell -type expression 

35 regulating sequence,, wherein the cell expresses the Fc 
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receptor or subunit thereof encoded by the vector on the 
cell surface, to form a complex between the test antibody 
and the Fc receptor; measuring binding affinity of the 
complex; and determining whether the test antibody binds 
5 to the Fc receptor with a different binding affinity than 
the reference antibody. 

The animals described herein are preferably mammalian. 
More preferably, the mammal is a murine animal, such as 
10 a mouse, rat or hamster. 

The genomic DNA and the vectors described herein are 
preferably mamallian. More preferably, the mammal is a 
murine animal, for example a mouse, rat or hamster.. 

15 

This invention further provides a therapeutic antibody 
identified by the methods described above, and an 
antibody generated by the method described above. 

2 0 This invention will be better understood from the 
Experimental Details which follow. However, one skilled 
in the art will readily appreciate that the specific 
methods and results discussed are merely illustrative of 
the invention as described more fully in the claims which 

25 follow thereafter. 

EXPERIMENTAL DETAILS 

STRUCTURAL DIVERSITY OF Fc RECEPTORS 

30 

Several different classes of receptors have the ability 
to interact with the Fc domain of immunoglobulins. These 
include the Ig transporters, exemplified by the poly Ig 
rece ptor for IgM and IgA and the IgG transporter of 
35 neonatal gut, (Mostov) and the lectin-like molecules 
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which bind to IgE (Conrad) . The largest and best 
characterized group, however, are the Ig Fc receptors 
which belong to the immunoglobulin supergene family. This 
group includes the high affinity receptor for IgE on mast 
5 cells and basophils, the high and low affinity receptors 
for IgG and the high affinity receptor for IgA. It is 
this class of receptors that is commonly meant when the 
term Fc receptors is used. 

10 The general structural features of the IgG and IgE Fc 
receptors are summarized in Figure 23 . All are membrane 
glycoproteins composed of a ligand binding a subunit, 
which consists of immunoglobulin domains of the C2 class. 
The or subunits are highly conserved in their 

15 extracellular domains, ranging from 70-98% identity 
within the FcyR groups to 40% identity between the FcyRs 
and FceRI . In general, FcyRs interact with all subclasses 
of IgG, although fine specificity differences have been 
noted among the subclasses. Only FcyRI binds monomeric 

20 IgG, by virtue of a third extracellular Ig domain in the 
a subunit (Allen and Seed) . FcyRII and III bind 
immunoglobulin with low affinity (Ka=10 6 ) thereby 
insuring that under physiological conditions these 
receptors interact exclusively with multivalent immune 

25 complexes. In contrast, FceRI binds monomeric IgE with 
very high affinity (Ka=10 10 ) . The ligand binding 
promiscuity of these receptors illustrates a general 
feature of this class of immune receptors, in which the 
response of a particular cell to crosslinking by immune 

30 complexes is governed not by ligand specificity, like in 
the TCR or BCR, but by the unique transmembrane and 
cytoplasmic domains of the particular FcR expressed on 
those cells. Thus, common ligand binding domains are 
coupled to distinct intracellular domains which thereby 

35 transduce different signals in response to a single 
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stimulus (Ravetch, et al.). This is perhaps best 
exemplified by FC7RII. Human neutrophils express the IIA 
gene (Brooks, et al.; Stuart, et al . ) , which when 
crosslinked is responsible for cellular activation of 

5 those cells and the subsequent release of pro- 
inflammatory mediators. The IIB gene is expressed on B 
lymphocytes; its extracellular domain is 96% identical to 
IIA and binds IgG immune complexes in an 
indistinguishable manner (Brooks "et al . ; Stuart, et al . ) . 

10 Yet, rather than activating cells, crosslinking of IIB 
with the antigen receptor on B cells results in the 
delivery of a signal aborting B cell activation, 
proliferation and antibody secretion (Amigorena, et al.; 
Muta, et al) . The significant differences between IIA 

15 and IIB, illustrated in Figure 23, are contained 
exclusively within the cytoplasmic domain of the a 
subunit. IIA has an activation motif , indicated by the 
green bullet, while IIB has an inhibitory domain, denoted 
by the red cylinder. Further structural diversification 

20 of IIB results from alternative splicing of a cytoplasmic 
exon. The product of this alternative splicing has been 
demonstrated to effect the kinetics of internalization of 
the receptor on B cells, through the inclusion or 
exclusion of a cytoskeletal attachment domain (Miettenin, 

25 et al.). 

Several of the Fc receptors are hetero-oligomeric 
complexes, such as the high affinity receptor for IgE, 
FceRI, and the high and low affinity receptors for IgG, 

30 FcyRI (CD64) and III (CD16) , respectively. These three 
receptors require an additional chain for their assembly 
and signalling: the homodimeric y subunit (Blank, et al; 
Ra, et al; Lanier et al; Kurosaki and Ravetch; Ernst et 
al) . The y subunit and its homologous family member, 

35 the f chain, serve two distinct functions in the FcR 
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complex: they are essential for cell surface assembly and 
mediate signalling into' the interior of the cell. The f 
chain, first identified as a necessary component of the 
TCR/CD3 complex (Weissman, et al.), is also associated 
5 with FcyRIII on NK cells, where it forms either 
homodimeric or heterodimeric complexes with the 7 chain 
(Anderson, et al.). Conversely, the 7 chain has been 
found to be associated with the TCR/CD3 complex (Orloff 
et al.), particularly in gut intraepithelial lymphocytes 

10 (IELs) {Malissen, et al.; Ohno, et al.; Liu, et al.; Guy- 
Grand, et al . ) said some CD8* subsets. Despite the fact 
that 7 and f mediate assembly for both the TCR and FcR, 
these subunits differentiate between these receptor 
complexes through distinctive interactions (Kurosaki, et 

15 al) . In the FcRs, 7 or f assemble with the a subunit in 
the ER, sparing it from degradation (Kurosaki and 
Ravetch) , while in the TCR, these same chains assemble 
with a hexameric complex of Ti chains and CD3 subunits in 
Golgi (Klausner) . While the end result is the same, i.e. 

20 absence of 7 and f leading to the loss of surface 
expression of TCR or FcRs, the interactions are distinct 
and have been exploited to map critical domains in the 
assembly of these receptor complexes. As will be 
discussed below, while the overall pathway of signalling 

25 from FcRs and TCR are analogous, important differences 
have been identified, pointing to distinct functional 
roles for each of these subunits in signalling from 
different receptor complexes. FceRI, in addition to the 
7 subunit, assembles with a four membrane spanning 

30 protein, the £ subunit. Its role in FceRI function will 
be discussed further below. 

The molecular genetics of the FcRs has been determined in 
several species, with the most detailed information 
35 existing for the human gene cluster (Qiu, et al; Brooks) . 
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A total of eight genes have been identified and mapped 
for the FC7RS; three genes for FcyRI , the high affinity- 
receptor (A, B and C) (Ernst, et al) , and five genes for 
the low affinity receptors FC7RII and III: FC7RII A, B 
5 and C (Qiu, et al) and FcyRIII A and B (Ravetch and 
Perussia) . The low affinity Fc-yR genes and two of the 
genes for the IgE high affinity receptor, FceRI a and 7 
subunits, are clustered on chromosome lq22 (Brooks) . 
This region of lq22 is syntenic to mouse chromosome 1, 
10 where single genes for these receptors are found (Oakey, 
et al; Seldin, et al.) . The three high affinity IgG FcRs 
also map to chromosome 1, but are more widely dispersed, 
encoded on lpl3 and lq21. Consistent with the greater 
evolutionary distance between the high and low affinity 
15 FC7RS, the syntenic region on the mouse chromosome map is 
found on chromosome 3 . Detailed YAC contigs for the human 
locus encoding the a subunits of FC7RII and FC7RIII 
indicated the likely manner in which duplication, 
recombination and diversification gave rise to this 
20 family of related ligand binding subunits (Qiu, et al.) . 

Tight linkage of these Ig superfamily members with 
another, ancestral member of this family, the major 
myelin protein Po, further suggested that all of these 
molecules retain their capacity for hemophilic 
25 interactions with related members of this supergene 
family. Linkage to this FcR locus has yet to be 
demonstrated to segregate with known inherited diseases 
of immune effector function or regulation. However, a 
locus on chromosome llq, encoding the /S subunit of the 
30 high affinity receptor for IgE, FceRI , has recently been 
suggested to be a candidate gene for atopy (Shirakawa, et 
al.), a common phenotype in which individuals have 
increased serum IgE levels and sensitivity to allergens. 
A single amino acid substitution in one of the four 
35 transmembrane domains is found segregating with the 
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atopic phenotype. 

IN VIVO ROLE OF FcRS IN INFLAMMATION 

It has been known for some time that crosslinking of IgE 
on mast cells by allergen results in the rapid 
degranulation of those cells and the subsequent 
physiologic sequelae recognized as the allergic response 
(Beaven and Metzger) . This type of acute 

hypersensitivity, known as type I inflammation, is 
thought to be dependant only upon IgE , FccRI and mast 
cells to mediate its response. Perturbations in any one 
of these three components should result in the loss of 
type I hypersensitivity responses. The critical role of 
FceRI was established in experiments in which expression 
of this receptor was ablated by homologous gene 
replacement. The resulting mouse could mount neither 
cutaneous nor systemic anaphylaxis in response to IgE- 
mediated crosslinking (Dombrowicz et al.; Takai, et al) . 
Those experiments demonstrated unequivocally the role of 
this high affinity IgE Fc receptor in mediating 
anaphylaxis, which could not be substituted for by other 
IgE binding molecules. Mice deficient in mast cells, such 
as the white -spotting (W) or Steele (S) strains, by 
virtue of lacking either the mast cell growth factor c- 
kit or its ligand, respectively, are similarly unable to 
mount an effective IgE mediated anaphylactic response (Ha 
and Reed; Martin, et al.). While mast cells and FcRs are 
clearly critical to the anaphylactic response, IgE does 
not appear to be essential. Mice disrupted in their IgE 
gene are unable to mount an IgE antibody response to OVA, 
as might be expected, yet retain the capacity to display 
systemic anaphylaxis when a sensitized animal is 
challenged with antigen (Oettingen, et al.) . The antibody 
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class responsible for this type of systemic anaphylaxis 
is likely to be IgG, which triggers its response in the 
absence of complement, suggesting a direct involvement of 
IgG immune complexes with FcRs on effector cells. These 
5 observations on type I (allergic) inflammation are best 
understood in light of recent studies on IgG immune 
complex mediated inflammation, described below. Thus, 
these in vivo experiments demonstrated that in an IgE 
triggered response, the interaction of the IgE immune 
10 complex with its cognate FcR on the surface of mast cells 
was the critical initiating step in type I 
hypersensitivity, resulting in the subsequent changes in 
vascular permeability and its physiological consequences. 

15 This conceptual framework also holds true for IgG immune 
complexes in their ability to trigger the classical 
quartet of symptoms of the inflammatory response: rubor 
(redness) , dolor (pain) , calor (heat) and tumor 
(swelling) or in its more contemporary phrasing, 

20 hemorrhage, neutrophil infiltration and edema. IgG 
immune complexes are found in many autoimmune diseases, 
such as lupus and rheumatoid arthritis; together they 
comprise the type III hypersensitivity class of 
inflammation (Gallin) . Several components have been 

25 described which are critical to this response - the IgG 
immune complex, complement and neutrophils. Depletion of 
any one of these components is known to result in an 
attenuated inflammatory response. Thus, mice strains 
deficient in either complement or neutrophils have 

30 significant reductions in the reaction used as a model of 
type III inflammation, the Arthus reaction (Ward and 
Cochrane; Stetson) . In vitro observations suggesting that 
complement directly binds to IgG immune complexes with 
direct activation of the complement cascade (Perlmutter 

35 and Col ten) , led to a model for how IgG immune complexes 
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triggered inflammation. In this model complement is 
necessary to both initiate and amplify the inflammatory 
response, by generating neutrophil chemotactic factors 
which result in the influx of neutrophils to the site of 
5 IgG immune complex deposition in tissues. These 
neutrophils are then activated to release proteolytic 
enzymes and pro -inflammatory mediators by the combined 
action of complement and Fc receptors. Fc receptors for 
IgG, in this model of type III inflammation, are not 
10 required for the initial neutrophil infiltration observed 
in the Arthus reaction. 

This model was tested in mice in which a homologous 
disruption of the y chain resulted in a strain of animals 

15 unable to express FcyRI , FcyRIII or FceRI (Takai, et 
al) . When IgG immune complexes were allowed to be 
deposited in the skin of these animals, in a reverse 
passive Arthus reaction, the expected inflammatory 
response was abolished (Sylvestre and Ravetch) . Edema, 

20 hemorrhage and neutrophil infiltration were all 
negligible as compared to their wild-type or heterozygous 
littermates or to animals deficient only in FceRI. The 
absence of neutrophils was particularly surprising, 
indicating that FcyRs play a critical role in initiating 

25 the inflammatory cascade leading to neutrophil 
chemotaxis. Thus, despite an intact complement system and 
normal inflammatory responses to other stimuli, in the 
absence of FcyR triggering by immune complexes, the 
reaction does not initiate (figure 4) . The FcyR 

30 responsible for this triggering of neutrophil chemotaxis 
and the subsequent inflammatory response is FcyRIII; the 
cell type responsible for this initiating event is likely 
to be the mast cell, based on the observations that the 
Arthus reaction is attenuated in W/W v mice (Zhang, et al) . 

35 These studies suggest that, as in type I 
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hypersensitivity, interaction of IgG immune complexes 
with their cognate Fc receptors on mast cells is a 
necessary step in initiating the response which results 
in the tissue injury observed in autoimmune diseases. The 
5 ability of IgE knockout mice to mount a comparable 
anaphylactic response is consistent with the notion that 
IgG immune complexes activate effector cells in 
inflammation and trigger the subsequent cellular events. 
The contribution of direct complement activation of 

10 neutrophil chemotaxis (dotted line) is minimal, based on 
the Arthus studies in FcyR deficient mice. However, 
complement is necessary to amplify the type III 
inflammatory reaction (although apparently not the type 
I allergic reaction mediated by IgE) , since depletion of 

15 complement results in an attenuated Arthus reaction. How 
IgG immune complexes activate neutrophil chemotaxis and 
the role of mast cell activation in this type of 
inflammation are new and challenging questions which can 
now be addressed. 

20 

Interaction of immunoglobulins with specific target cells 
can result in the destruction of those cells by 
phagocytosis or killer cell mediated lysis (type II acute 
inflammation) . The presence of cytotoxic autoantibodies 

25 in autoimmune hemolytic anemia, thrombocytopenia and 
related disorders indicates the significance of this 
pathway in the pathogenesis of several diseases. Here, 
too, the contribution of specific effector cells and 
soluble mediators have been determined primarily through 

30 depletion studies in vivo in available animal models. 

The role of specific receptors for immune complexes in 
these reactions has recently begun to be evaluated 
through the use of monoclonal antibodies to groups of Fc 
receptors. Those studies suggest that for some specific 

35 auto-antibodies, like a mouse anti-RBI of the 2a 
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subclass, erythrophagocytosis is FcR mediated {Shibata, 
et al.). Clearly, the use of FcR deficient mice will 
greatly clarify the role of these receptors in reaction 
of this class of inflammation as well and will likely 
5 point to a role for these receptors in triggering 
cytotoxic antibody responses in general. 

These studies on the role of FcRs in vivo suggests that 
immune complex triggered inflammation, long considered to 

10 be a reaction which initiates in the fluid phase through 
soluble mediators such as complement, is, in fact, a 
reaction which requires the interaction of soluble immune 
complexes with specific receptors on select cells. This 
step of the response, overlooked until quite recently, 

15 indicates a role for recognition events which are then 
amplified through the release of specific soluble 
mediators, like complement. Thus, Fc receptors would 
appear to be analogous in this respect to the antigen 
recognition receptors of lymphoid cells which amplify the 

20 exquisitely specific recognition signal by the release of 
lymphokines. This realization may begin to explain the 
evolution of the considerable structural diversity of 
this class of receptors and prompt the re-evaluation of 
antibody- driven immune responses considered to be 

25 independent of a specific cellular recognition step. 
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First Series of Experiments 

FC7RIIIA (CD16) binds IgG immune complexes with low 
affinity and mediates the antibody-dependent cytotoxicity 
5 of NK cells (1) . This receptor is a multimeric complex 
composed of three functionally and biochemically distinct 
proteins: IIIAa?, a 254 amino acid transmembrane -spanning 
glycoprotein containing the extracellular ligand binding 
domain, IIIA7 and IIIAf, membrane -spanning subunits 

10 responsible for both assembly and signal transduction 
(1) . The 7 and f chains are members of a family of 
homologous proteins present as homo- or heterodimers, 
first described as subunits of the high affinity Fc 
receptor for IgE, FceRI , and of the T cell antigen 

15 receptor/CD3 (TCR/CD3) complex (2) . Ligand binding and 
crosslinking of FC7RIII induce NK cell activation with 
release of intracytoplasmic granules and upregulation of 
genes encoding surface activation molecules and cytokines 
relevant to NK cell biology and functions (3) . The early 

20 biochemical events induced in NK cells upon engagement of 
FC7RIII include tyrosine phosphorylation of intracellular 
substrates and 7 chains, phospholipase C (PLC) -71 and 
PLC- 72 , phosphatidylinositol-3 (PI -3) kinase] , hydrolysis 
of membrane phosphoinositides (PIP 2 ) , increased [Ca 2+ ] ± and 

25 activation of PI -3 kinase (4) . The observation that 
treatment of NK cells with tyrosine kinase inhibitors 
blocks both FC7RII I -induced hydrolysis of membrane PIP 2 
and subsequent increase in [Ca 2 *] ±/ (4) and later 
activation events (5) has indicated the involvement of a 

30 tyrosine kinase (s) in initiating and/or mediating FC7RIII 
which could account for its ability to activate cells 
upon crosslinking. Results from experiments with 
chimeric molecules containing and 7 cytoplasmic domains 
linked with extracellular domains of heterologous 
35 molecules support the hypothesis that a non-receptor 
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kinase (s) associates with FcyRIII possibly via the y or 
f subunits (6) . In cells expressing these chimeric 
molecules, stimulation of the extracellular domains 
results in signal transduction. 

5 

In order to determine how FcyRIII stimulates protein 
tyrosine phosphorylation in NK cells, the hypothesis that 
FcyRIII interacts directly with protein tyrosine kinases 
in these cells was tested. 

10 

Expression of src-related kinases was analyzed in 
homogeneous NK cell populations obtained from short term 
(10 d) cocultures of peripheral blood lymphocytes (PBL) 
with irradiated RPMI-8866 B lymphoblastoid cells (7) . 

15 The NK cell preparations are >95% homogeneous and have 
phenotypic and functional properties identical to those 
of freshly isolated NK cells except that they express 
late activation antigens and are more readily activatable 
(7) . These NK cells expressed several src-related 

20 tyrosine kinases, including p53 lyn and p56 lyn , p56 lck , p60, 
and p62 fyn , as measured by kinase-autophosphorylation in 
immune -complex protein kinase assays (Fig. 1A) . Upon 
stimulation of FcyRIII with the anti-receptor monoclonal 
antibody 3G8, rapid activation of at least one of the 

25 src-related kinases, p56 lck , was detected, that was 
rapidly activated, as analyzed by in-vitro kinase assay 
on p56 lck immunoprecipitates isolated from cells after 
receptor stimulation (Fig. IB). Increased p56 lck 

autophosphorylation and phosphorylation of the exogenous 

30 substrate enolase was detected as early as 10 s after 
receptor stimulation. These results are consistent with 
those previously reported using CD3 Jurkat cells 
expressing transfected FcyRIIIAor chain in association 
with endogenous (4} , and indicate that p56 lck is 

35 functionally associated with FcyRIII in primary NK cells. 
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To determine how p56 lck is stimulated upon FcyRIII 
crosslinking, the receptor from digitonin lysates of NK 
cells was precipitated and assayed for tyrosine kinase 
activity in the immunoprecipitates . Tyrosine kinase 
5 activity was coprecipitated with FcyRIII and resulted in 
the phosphorylation of the chain subunit. Phosphorylated 
chain was preferentially observed within the FcyRIII 
immunoprecipitate when reprecipitated with anti-p56 lck or 
ant i- antibodies (Fig. 2A) . These data clearly indicate 
10 that is a substrate for p56 lck -dependent tyrosine 
phosphorylation and strongly suggest that p56 lck 
coprecipitates with FcyRIII. To determine directly 
whether p56 Ick and FcyRIII are physically associated, 
anti-p56 lck iramunoblott ing was performed on 
15 immunoprecipitates isolated from NK cells using FcyRIII 
ligands on NK cells were solubilized in 1% digitonin to 
preserve the association of FcyRIIIA subunits. p56 lck was 
specifically detected in immunoprecipitates isolated with 
either ant i -receptor antibody (3G8) (Fig. 2B, panel A) or 
20 the natural ligand immune complexes (heat -aggregated IgG) 
{Fig. 2B, panel B) . Aggregates lacking Fc did not yield 
p56 lck complexes, and isotype-matched anti-CD56 antibodies 
yielded significantly lower amounts of them. Western 
blot analysis with an anti-CD16 rabbit polyclonal 
25 antibody confirmed that both FcyRIIIAa and chain are 
present in the 3G8 and the aggregated IgG, but not in the 
F(ab') 2 precipitates (data not shown). The stoichiometry 
of the FcyRIII-p56 lck association appears low: < 1% of 
total cellular p56 lck was coprecipitated with FcyRIII 
3 0 (Fig. 2B, panel B) . Similar low levels of association 
have been reported between TcR and tyn in T cells (8) and 
may reflect instability of receptor subunits upon 
detergent extraction. Increased p56 lck -FcyRIII 

association could not be demonstrated upon receptor 
35 crosslinking (data not shown) . 
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To directly assess which FcyRIII subunit is responsible 
for the association with p56 lck , anti-p56 lck immunoblotting 
experiments were performed on immunoprecipitates isolated 
with anti-polyclonal antisera. NK cells were lysed in 2% 
5 NP-40 to reduce possible nonspecific precipitation of 
p56 lck . Using a large number of NK cells and a sensitive 
detection system (Enhanced Chemiluminescence, ECL) a 
small fraction of total cellular p56 lck was detected in 
the ant i -precipitates {Fig. 2B, panel C; compare anti- 

10 p56 lck precipitates with anti-f) . In addition, a 
phosphoprotein with molecular mass similar to phospho- 
f(~21kD) was detected in the respective p56 lck 
immunoprecipitates isolated from either digitonin- and, 
to a lesser extent, NP-40-solubilized NK cells as 

15 analyzed by in vitro kinase assays (not shown) . 

To confirm that p56 lck associates with and to determine 
whether this association is direct or is, in part, 
mediated by additional proteins, experiments were 

20 performed using COS cells cotransf ected with various src- 
family related kinase cDNA (mouse fyn, human yes, and 
human lck) and a cDNA encoding a chimeric protein 
composed of the extracellular region of FcyRIIIAor and the 
transmembrane and cytoplasmic regions of human f 

25 (IIIA/f) . Transfected cells were lysed in 3% NP-40, 
immunoprecipitates were collected using either anti- 
antibody coupled-Sepharose or control antibody-Sepharose 
and subjected to immunoblotting with the respective anti- 
src-related kinase antibody. Coprecipitation of IIIA/ 

30 and p56 lck , but not fyn or yes (Fig. 3A) or src (not 
shown), was detected. Similar experiments in COS cells 
cotransf ected with p56 lck and y cDNAs revealed association 
of these two proteins, although to levels lower than 
those observed with (Fig. 3B) . 
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Results indicated that the src-related kinase p56 lck 
associates both functionally and physically with the 
FcyRIIIA complex on NK cells. This association appears 
to be mediated in part via the chain. The results of 
5 f/7/p56 lck cotransf ection experiments in COS cells prove 
that p56 lck and either f or 7 subunits can associate via 
direct interaction. Although the molecular basis of the 
association remains to be determined, it is likely to 
depend, in part, on the antigen receptor homology 1 
10 motifs (ARH1) of f/7 which are conserved sequences [ (ASP 
or GLU) -X 7 - (ASP or GLU) -TYR-X-LEU-X 7 -TYR-X 2 - (LEU or ILE) 
(SEQ ID NO: 2-9)] found in many receptor signal 
transducing chains, including TCRf, 7j, 7, and e, FceRI £ 
and 7 chains, B cell antigen receptor chains Ig-a (mbl) 
15 and Ig-£ (B29) , and human FC7RIIA (9). Evidence to 
support the contention that these sequences mediate 
coupling of receptors to signaling pathways has been 
provided for the B cell antigen receptor chains Ig-a and 
Ig-& (10) . Differential binding patterns of the ARH1 
20 regions in these proteins for cytoplasmic effectors were 
observed, indicating that the presence of an ARH1 motif 
is insufficient for binding cytoplasmic effector 
molecules but that additional chain- specif ic residues 
determine binding specificity and a single motif can bind 
25 more than one effector molecule (10) . Preliminary data 
indicates that the p56 lck -f interaction depends on the 
presence of ARH1 motifs in , and deletion of one or more 
of them results in a proportionally decreased association 
(not shown) . This may also explain, in part, the 
3 0 detection of lower levels of p56 lck associated with 7 
chain (a single ARH1 motif) as compared to f(3 ARH1 
motifs) . The p56 lck domain involved in this interaction 
has not been defined. It is likely to differ from that 
involved in the interaction between p56 lck and CD4, shown 
35 to depend on the NH 2 -terminal sequence of this molecule 
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(11) , because no sequence homology is found between the 
ARH1 motif and CD4 . 

Functional interaction between p56 lck and the f/y subunit 
is supported by observations in T cells. Elegant studies 
using p56 lck -def icient cell lines (which endogenously 
express fyn) strongly support a role for p56 lck in signal 
transduction via the TCR and in cell-mediated cytotoxic 
responses (12) . Cytotoxic functions are restored upon 
re-expression of p56 lck and, most interestingly in regard 
to NK cells, appear independent of CD4 or CD8 engagement 

(12) . Although cotransf ection experiments in COS cells 
demonstrate a direct interaction of p56 lck and 
additional proteins may be necessary to mediate optimal 
association or disassociation of these two molecules in 
primary cells. The situation in NK cells may be 
analogous to that observed in T cell lines. A 70 kD 
protein (ZAP- 70) has been observed to associate with f in 
the Jurkat T cell line upon TCR/CD3 stimulation (13). 
Proteins of similar size are rapidly phosphorylated upon 
engagement of the B cell antigen receptor complex 
(p72 syk ) , the FceRI complex (14), and FC7RIII in NK cells 
(4, and unpublished data). Although the role of these 
70-72 kD proteins/kinases is unknown, they may function 
to stabilize the primary interaction of ARH1 containing 
subunits with src-related protein tyrosine kinases. 
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influx from the outside upon the engagement of mlg. 

To define the functional region (s) within the FcyRII 
cytoplasmic domain responsible for inhibition signal of 
5 Ca 2+ mobilization via membrane immunoglobulin complex, 
cDNA encoding 13 residues internal deletion of FcyRII 
cytoplasmic domain was transfected into IIA1.6 cell line, 
FcyRII negative mutant of the A20 B-cell lymphoma (Fig. 
4A) . The designated clone was selected based on high 

10 level of surface expression assayed by flow cytometry 
(Fig. 4B) . In contrast to the wild type of FcyRII, this 
internal deletion mutant showed no modulation of Ca 2+ 
influx by cross- linking FcyRII together with mlg (Fig. 
5A) . To determine whether this 13 residue segment of 

15 FcyRII cytoplasmic domain is sufficient to inhibit the 
Ca 2+ mobilization, the fusion construct in which the first 
18 residue and the following 13 residue of the 
cytoplasmic domain, are derived from the f chain of 
TCR/CD3 complex and FcyRII respectively (Fig. 4A) , was 

20 transfected into IIA1.6 cell line. This fusion receptor 
was able to inhibit the Ca 2+ mobilization by cross- linking 
FcyRII with mlgG and also this modulation was due to 
blocking the Ca 2+ influx from the outside the cells (Fig. 
5A and 5B) . These results demonstrate that the 13 

25 residue motif in the cytoplasmic domain of FcyRII has a 
sufficient structural information to inhibit mlg induced 
Ca 2 * mobilization. 

As late responses, analyzation of the effect of the 13 
3 0 residue segment of FcyRII on the modulation IL-2 
secretion via mlg. As expected, wild type FcyRII 
modulated IL-2 secretion by crosslinking FcyRII with 
mlgG, whereas the 13 residue deleted FcyRII abolished 
this modulation. The fusion receptor FcyRII (Z+M) showed 
35 the significant modulation, however compared with the 
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wild type FcyRII, the modulation extent was almost half 
(Fig. 7). This weak modulation by FC7RII (Z+M) was not 
due to the cell surface density of Fc7RII(Z+M), shown by 
flow cytometric analysis (Fig. 4B) . These results 
5 suggest that the 13 residue segment in the cytoplasmic 
domain of FcyRII is required for the modulation of late 
responses, but for complete modulation of late responses, 
possibly other cytoplasmic region (s) of FC7RII is also 
necessary. 

10 

Surface immunoglobulin complex is composed of membrane 
immunoglobulin (mlg) and associated signal transduction 
subunit Ig-a(mbl) and Ig-£ (B29) . The ARH1 motif located 
in the cytoplasmic domain of these associated chains was 

15 shown to carry sufficient structural information to 
activate signaling pathway. However, recent in vitro and 
in vivo experiments have demonstrated that the 
cytoplasmic domains of Ig-a and Ig-£ interact with 
different cytoplasmic effector proteins, resulting in the 

20 differential biological capability. To asses directly 
whether FcyRII modulates Ig-a and Ig-S dependent 
signaling, the chimeric IgM/Ig-a and IgM/Ig-£ constructs 
in which the extracellular and transmembrane domains are 
derived from mlgM and the cytoplasmic domain from Ig-a 

25 and Ig-£, were transfected into A20 B cell lymphoma. To 
avoid the association of these chimeric molecules with 
endogenous Ig-a and Ig-E, introduction of the mutations 
(tyr-ser to val-val) in the transmembrane domain of mlgM. 
It was already shown that the introduction of non-polar 

30 groups such as val-val in place of tyr-ser in the 
transmembrane domain of mlgM produces a receptor that can 
no longer associate with Ig-a and Ig-fi. Even though the 
cell surface expression of IgM/Ig-a and IgM/Ig-& was not 
so high (Fig. 7A) , crosslinking of these chimeric 

35 molecules with anti-IgM F(ab') 2 evoked Ca 2+ mobilization. 
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different cytoplasmic effector proteins, resulting in the 

20 differential biological capability. To asses directly 
whether FcyRII modulates Ig-c* and Ig-£ dependent 
signaling, the chimeric IgM/Ig-a and IgM/Ig-£ constructs 
in which the extracellular and transmembrane domains are 
derived from mlgM and the cytoplasmic domain from Ig-a 

25 and Ig-£, were transfected into A20 B cell lymphoma. To 
avoid the association of these chimeric molecules with 
endogenous Ig-a and Ig-£, introduction of the mutations 
(tyr-ser to val-val) in the transmembrane domain of mlgM. 
It was already shown that the introduction of non-polar 

30 groups such as val-val in place of tyr-ser in the 
transmembrane domain of mlgM produces a receptor that can 
no longer associate with Ig-a and Ig-fi. Even though the 
cell surface expression of IgM/Ig-a and IgM/Ig-fi was not 
so high (Fig. 7A) , crosslinking of these chimeric 

35 molecules with anti-IgM F(ab') 2 evoked Ca 2 * mobilization. 
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influx from the outside upon the engagement of mlg. 

To define the functional region (s) within the FcyRII 
cytoplasmic domain responsible for inhibition signal of 
5 Ca 2 ~ mobilization via membrane immunoglobulin complex, 
cDNA encoding 13 residues internal deletion of FC7RII 
cytoplasmic domain was transfected into IIA1.6 cell line, 
FcyRII negative mutant of the A20 B-cell lymphoma (Fig. 
4A) . The designated clone was selected based on high 

10 level of surface expression assayed by flow cytometry 
(Fig. 4B) . In contrast to the wild type of FcyRII, this 
internal deletion mutant showed no modulation of Ca 24 
influx by cross-linking FcyRII together with mlg (Fig. 
5A) . To determine whether this 13 residue segment of 

15 FcyRII cytoplasmic domain is sufficient to inhibit the 
Ca 2 * mobilization, the fusion construct in which the first 
18 residue and the following 13 residue of the 
cytoplasmic domain, are derived from the f chain of 
TCR/CD3 complex and FcyRII respectively (Fig. 4A) , was 

20 transfected into IIA1.6 cell line. This fusion receptor 
was able to inhibit the Ca 2 * mobilization by cross-linking 
FcyRII with mlgG and also this modulation was due to 
blocking the Ca 2+ influx from the outside the cells (Fig. 
5A and 5B) . These results demonstrate that the 13 

25 residue motif in the cytoplasmic domain of FcyRII has a 
sufficient structural information to inhibit mlg induced 
Ca 2 * mobilization. 

As late responses, analyzation of the effect of the 13 
3 0 residue segment of FcyRII on the modulation IL-2 
secretion via mlg. As expected, wild type FcyRII 
modulated IL-2 secretion by crosslinking FcyRII with 
mlgG, whereas the 13 residue deleted FcyRII abolished 
this modulation. The fusion receptor FcyRII (2+M) showed 
35 the significant modulation, however compared with the 
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containing proteins with peptides is through 
phosphotyrosine and isoleucine binding pockets spaced by 
two amino acids, next focus will be destined to the 
involvement of phosphotyrosine included in this 13 
5 residue motif. 

As a simple model system, transfection of IgM/Ig-a and 
IgM/lg-S chimeric molecule, whose ADH1 motif in the 
cytoplasmic domains of Ig-a and Ig-& is presumably 
10 involved solely in the receptor activation, was 
performed. Ca 2+ mobilization induced by these chimeric 
molecules was significantly modulated by cross-linking 
FcyRII with IgM/Ig-o? and IgM/Ig-£, indicating that FC7RII 
inhibit both Ig-a and Ig-S dependent Ca 2 * signaling. 



15 
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Crosslinking FcyRII with IgM/Ig-a and IgM/Ig-S inhibited 
this Ca 2 * mobilization and in the presence of 2.4G2, this 
inhibition was reversed (Fig. 7B and 7C) . These results 
indicate that FcyRII prevents mlgM induced Ca 2+ activation 
5 presumably through the ADH1 motif located in the 
cytoplasmic domain of Ig-a and Ig-6. 

It is well known that the early biochemical events 
induced in B cells upon engagement of surface 

10 Immunoglobulin complex include tyrosine phosphorylation 
of intracellular substrates , hydrolysis of 
phosphoinositides, increased intracellular Ca 2 *. Although 
there are several suggestions that FcyRII interacts with 
elements in the mlg signaling pathway, the molecular 

15 nature of the inhibitory FcyRII -mediated signal on B 
cell activation is unknown. Results show that Ca 2 * influx 
across the plasma membrane induced by mlg is primarily 
inhibited by the cross- linking FcyRII together with mlg. 
The Ca 2 * mobilization from the intracellular compartment 

20 is not modulated. This conclusion is strengthened by the 
observation that stimulation of tyrosine phosphorylated 
of PLC-yl and IP 3 turnover was not modulated by the 
crosslinking FcyRII with mlg. Any significant difference 
of induction of tyrosine phosphorylation by assessing the 

25 cell lysates with ant i-phosphotyro sine antibody, was not 
detected, suggesting that FcyRII does not modulate 
overall induction of tyrosine phosphorylation by 
engagement of surface immunoglobulin complex. 

30 The results presented here suggest that the active site 
of FcyRII to inhibit mlg- induced Ca 2+ mobilization is a 13 
residue short linear peptide sequence. It appears likely 
that the interaction of this motif with one or at most 
few proteins suffices to mediate Ca 2+ modulation. Since 

35 recent reports showed that the interaction of SH2 
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mast cells. The functional deficit, however, is more 
pronounced than would have been predicted from in vitro 
reconstitution studies alone. Inflammatory macrophages 
are unable to mediate phagocytosis through FC7RI, II or 
III, indicating an unexpected pleiotropic role of this 
subunit. These mice thus provide the first clear 
mutations with which it can determined that the distinct 
roles of these structurally similar receptors in 
mediating effector responses in host defense. 

Results 

Targted Disruption of the 7 Subunit Gene in ES Cells 

The 7 genomic locus was cloned from a X library 
constructed from DNA isolated from 129/Ola mice. The 7 
subunit gene was shown to be organized in 5 exons (Figure 
1A) with the same intron-exon organization and sequence 
as has been described for the human counterpart (Kuster, 
et al. 1987) . 

To construct an efficient targeting vector for 7 
locus, employment of the poly (A) trap vector pMCl- neo 
(Thomas and Capecchi, 1987), which was inserted into the 
second exon of the 7 subunit genomic subclone (Figure 
8A) . This insertion creates a new stop codon 23 9 bp 
downstream of the integration site; a homologous 
recombination event at the 7 locus would generate a 
nonfunctional polypeptide. The 7 subunit homologous 
recombination construct, PFCR7P, contains 7.1 kb of 
homology 5' and 1.2 kb 3' of the neo insertion (Figure 
8A) . 

PFCR7P was electroporated into E14 ES cells, and the 
transfected population was selected with G418 and FIAU. 
18 homologous integration events were identified by 
Southern blot analysis, nine of which were chosen for 
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Third series of experiments 

Summary 

The 7 subunit of immunoglobulin Fc receptors is an 
5 essential component of the high affinity receptor for IgE 
(FceRI) , the low affinity receptor for IgG (FcyRIII) and 
is associated with the high affinity receptor for IgG 
(FcyRI) and the T cell receptor/CD3 complex. It is 
required both for receptor assembly and signal 

10 transduction. Targetted disruption of this subunit 
results in immunocompromised mice. Activated macrophages 
from y-chain deficient mice unexpectedly lack the ability 
to phagocytose antibody- coated particles, despite normal 
binding. Defects in NK cell mediated antibody- dependant 

15 cytotoxicity and mast cell mediated allergic responses 
are evident in these animals, establishing the 
indispensable role of FcRs in these responses. However, 
loss of 7 chain does not appear to perturb T cell 
development since both thymic and peripheral T cell 

20 populations appear to be normal. These mice thus 
represent an important tool for evaluating the role of 
these receptors in humoral and cellular immune responses. 

The structural heterogeneity of Fc receptors for IgG, in 
25 which the IgG immune complex interacts with a diverse 
array of related receptors, and the overlapping pattern 
of FcR expression on effector cells has precluded 
detailed determination of the specific functions of 
individual receptors in mediating effector responses in 
30 vivo. A mouse strain has been created genetically 
deficient in the 7 subunit by homologous recombination in 
ES cells in order to determine the roles of FC7RIII and 
FceRI in effector responses to IgG and IgE, respectively. 
Selective ablation of this chain has indeed resulted in 
3 5 the loss of these receptors on NK cells, macrophages, and 
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Intact y message could not be detected in RNA isolated 
from brain, thymus, hearty lung, spleen, and kidney (data 
not shown) . 

5 Mutant Mice Lack Wild-Type y Subunit Polypeptide 

Protein extracts. were prepared from macrophages, NK, and 
mast cells and subjected to Western blot analysis with an 
anti-y chain antibody. Figure 9B shows that the band of 
6-9 kD expected for the y subunit protein (Alcaraz et 

10 al.,1987) was present in cells from wild-type but not 
from those of homozygous mutants . No abnormal 7 subunit 
cross -reacting proteins were detected in cells from 
homozygous mice even in a 6-fold longer exposure (data 
not shown) . Thus, it is concluded that the targeted 

15 mutation resulted in a mutant allele that does not 
produce a y subunit protein. 

Flow Cytometric Analysis of FcvRIII and FccRI Expression 

To determine if the y chain disruption indeed resulted in 
20 the loss of expression of FC7RIII and FceRI, macrophages, 
neutrophils, mast cells, and splenic NK cells were 
harvested from the 7-deficient mice and their wild-type 
or heterozygous littermates . Thioglycollate-elicited 
peritoneal macrophages (TEM) were stained with a 
25 monoclonal antibody, 2.4G2, which recognizes both low 
affinity FcyRs (II and III) and counterstained with a 
macrophage marker, Mac-1. As seen in Figure 10A, 

macrophages derived from +/+ and +/- mice are positive 
for both 2.4G2 and Mac-1, while the -/- mice show an 80% 
30 reduction in 2.4G2 staining, without a reduction in Mac-1 
staining, suggesting the loss of FC7III, with retention 
of FC7II on these macrophages. 

Bone marrow derived neutrophils were characterized by 
35 flow cytometry using 2.4G2 and a granulocyte marker Gr-1. 
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further characterizat ion (Figure 8B) and were determined 
to result from a single integration event that occurred 
at the y subunit locus. The mutant allele will be 
referred to as FcRy nl . Chimeras were established with 
5 eight of these clones, according to standard methods. Two 
of seven male chimeras transmitted the mutant allele to 
their offspring (Figure 8C) . Homozygous FcR-ynl animals 
were present at the expected frequency, indicating that 
disruption of the 7 subunit locus did not result in 
10 embryonic lethality. The homozygous mutant mice appeared 
grossly normal and were fertile. 

One of the transfected ES cell lines, Fey 111 , was deposited 
on August 17, 1994 with the American Type Culture 

15 Collection (ATCC) , 12301 Parklawn Drive, Rockville, 
Maryland 20852, U.S.A. under the provisions of the 
Budapest Treaty for the International Recognition of the 
Deposit of Microorganism for the Purposes of Patent 
Procedure. ES cell line FCy nl was accorded ATCC Accession 

20 Number CRL 11700. 

Verification of the FcRv" 1 Null Allele; RNA Analyses 

RT-PCR analysis of macrophage, NK cell and mast cell RNA 
isolated from wild- type, heterozygous, and homozygous 

25 mutant mice was performed to determine the expression of 
y chain RNA. A 137-bp fragment specific for a transcript 
containing exon 1 and 2 sequences, which is located 
upstream of neo integration site, was observed in wild- 
type and heterozygous animals, whereas homozygous mutant 

3 0 mice had no detectable fragment in macrophages, and a 
faint band in mast and NK cells (Figure 9A) . Similar 
results were obtained using primers specific for exons 1 
and 5. PCR analysis using neo and exon 5 primers 

detected the expected 197 -bp fragment in macrophages from 

35 homozygous as well as heterozygous animals (Figure 9A) . 
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display 70% double positive, 22% Cd4 + CDS" , 6% CD4" CD8* 
and 2% CD4" CD8* . In contrast to the T cell populations 
in 7-chain deficient mice, f-chain knockout mice show 
impaired development of CD4 and CD8 single positive cells 
5 and peripheral T cells have few T cell receptors (Love et 
al., 1993) . 

Phagocytic Activity is Absent in 7-Deficient Mice 
FC7RIII, in common with FcyRI and II, mediates ADCC, 

10 phagocytosis, release of inflammatory mediators and 
degranulation when crosslinked with antigen-antibody 
complexes. Since the deletion of 7 chain in mouse 
resulted in the marked reduction or total loss of 
FC7RIII, functional characterization of the macrophage, 

15 NK and mast cells from these 7-deficient animals were 
studied to determine the contribution of FC7RIII to these 
physiological responses to IgG immune complexes. 

FcR-mediated phagocytosis was assessed by the ability of 

20 TEM to internalize sheep red blood cells (SRBC) opsonized 
with IgG. (Figure 12) . IgG2a opsonized RBC are bound 
and internalized preferentially by the high affinity 
FC7RI, while IgGl and 2b are only bound and internalized 
by the low affinity receptors (Weinshank et al., 1988). 

25 As shown in Figure 12A and E, macrophages from wild- type 
(+/+) mice displayed robust binding of IgG opsonized 
SRBCs of Gl and 2a subclasses. Heterozygous mice 
displayed identical binding (not shown) and IgG2b binding 
was comparable to IgGl in all cases (not shown) . These 

30 bound opsonized particles were efficiently internalized, 
as shown in 5B and 5F. Macrophages from homozygous mutant 
(-/-) mice bind IgGl -opsonized SRBC (5C) , due to retained 
expression of FC7RII (Figure 10A) . This binding is 
completely blocked by mAb 2.4G2. These same macrophages 

35 failed to demonstrate IgG2a binding (5G) , indicating an 
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Wild-type (+/+) as well as heterozygous ( + /-) mice show 
a double positive population of cells (Figure 10B) ; 
homozygous (-/-) mice have equivalent Gr-1 staining, with 
2.4G2 staining reduced by 50%. 

5 

NK cells express only FcyRIII (Perussia et al., 1989); 
loss of 7 chain would either result in the total ablation 
of surface expression of this FcyR or normal levels of 
expression if f chain is able to substitute for 7 subunit 

10 efficiently. IL-2 stimulated splenic NK cells were 
stained with 2.4G2 to detect FC7RIII expression and with 
a murine NK cell specific mAb, 4D11, which stains 50% of 
NK cells. As shown in Figure 10C, the NK cells isolated 
from the homozygous 7-deficient mice are not stained with 

15 2.4G2, yet retain their 4D11 staining profile. 
Littermate control wild type mice are 4D11 and 2.4G2 
positive . 

Both peritoneal and bone-marrow derived mast cells were 
20 stained with FITC- labelled IgE and a monoclonal antibody 
to c-kit, Ack2 . Figure 10D shows that mast cells 
isolated from mice lack IgE binding as a result of 

the loss of FceRI. These cells also have reduced 
expression of FC7RIII, detected by reduced 2.4G2 staining 
25 (data not shown) . 

These data indicate that loss of 7 chain results in the 
loss of FC7RIII and FceRI expression on cells where those 
receptors are normally present. FC7RII expression on B 

30 lymphocytes is unchanged (figure 11D) . Analysis of T cell 
populations from the thymus (Figure 11A, B) and spleen 
(Figure 114C, D) of 2 week old and 10 week old 7- 
deficient mice have not revealed any distortion in the 
normal ratios of CD4 and CD 8 cells (Figure 11A) and TCR 

3 5 a/3 (Figure 11B) . Both mutant and wild type animals 
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Characterization of Mast Cell Functions 

Mast cells were first sensitized with monoclonal mouse 
IgE and then triggered with monoclonal ant i -mouse IgE 
antibody. Degranulation , 3 H-serotonin release, IL-4 
5 production and prostaglandin D 2 release of these cells 
were measured for wild-type as well as 7-deficient mice 
(Figure 14) . As expected, degranulation and serotonin 
release from 7-deficient mast cells were only negligible 
above, background, while +/+ mast cells responded well to 

10 IgE-crosslinking (Figure 14A & B) . Similarly, the amount 
of an IL-4-specif ic 267 bp cDNA fragment was markedly 
increased after stimulation of mast cells from wild-type 
mice (Figure 14C) . In contrast, mast cells from 7- 
deficient mice showed apparently no response to 

15 crosslinking stimulation. Finally, prostaglandin D 2 
release into the culture supernatant was significantly 
reduced in mutant mast cells, as compared to wild- type 
cells (Figure 14D) . Thus, by several criteria, assessing 
early and late activation responses of mast cells to IgE 

20 crosslinking, the mutant mice fail to respond. 

IaE -mediated anaphylaxis is absent in FcRv 111 mice 

IgE mediated anaphylaxis is thought to be dependant upon 

FceRI triggering of mast cells, although the role of 

25 other cell types and other IgE binding molecules to this 
in vivo response is debated. To address this question, 
mutant and wild-type mice were challenged in a passive 
cutaneous anaphylaxis (PCA) model. The characteristic 
increase in vascular permeability triggered by mast cell 

3 0 degranulation is readily visualized by Evans blue 
extravasation. Wild-type and heterozygous mice mount a 
prompt PCA reaction in response to IgE crosslinking. In 
contrast, homozygous deficient animals are unable to 
mount a PCA reaction. 



35 
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unexpected loss of FcyRI binding activity. This is not 
the result of loss of FcyRI a chain expression, since 
these macrophages express equivalent levels of mRNA for 
this chain, when compared to wild-type mice (data not 
5 shown) . Rather it indicates a functional dependance of 
the high affinity FC7RI for y chain either for 
facilitating surface expression or ligand binding for 
this receptor. Despite the efficient binding of SRBC to 
-/- macrophages through FC7RII, these cells fail to 
10 internalize such opsonized particles, indicating a more 
global defect in FcR mediated phagocytosis. Deletion of 
7 chain thus has a pleiotropic effect on macrophage FcR 
mediated ligand binding and phagocytosis beyond what 
might be expected by the loss of FC7RIII. 

15 

ADCC Activity, but not Natural Killing, in NK Cells Was 
Severely Abrogated in FcR-y 111 Mice 

Natural killing activity, as measured against the YAC-1 

20 tumor target, was normal for wild- type and mutant NK 
cells either freshly isolated from the spleen or purified 
over glass wool and cultured in IL-2 for 7 days (Figure 
13A) . The El-4 target is less sensitive to NK lysis in 
both wild-type and mutant cell preparations. Deletion of 

25 7 chain thus has no effect on natural killing of tumor 
targets, consistent with the evidence that receptors 
other than FC7RIII mediate this process. ADCC activity 
against TNP-derivatized and anti-TNP IgGl-coated EL-4 
target, however, was markedly diminished in NK cells from 

30 7-deficient mice, while wild-type NK cells showed clear 
ADCC activity against the same target cells; this ADCC 
activity was completely blocked by the monoclonal 
antibody 2.4G2 (Figure 13B) . These results indicate that 
ADCC activity is almost totally lost in NK cells in these 

35 mutant mice due to loss of functional FcyRI 1 1 expression. 
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First, macrophages have lost their phagocytic activity 
against IgG-opsonized SRBC. Although homozygous mutant 
mice did exhibit significant binding capacity to SRBC 
opsonized with IgGl and 2b subclasses of mouse 
5 immunoglobulin as assessed by a rosetting assay, but they 
did not show any activity to ingest them, indicating that 
homozygous mutant mice still have FC7RII but this 
receptor's contribution to macrophage phagocytic function 
is lost due to 7-chain deletion. No evidence to date 
10 suggests that 7 chain associates with this FcyRII 
(referred to as IIB) , the only FcyRII gene found in the 
mouse and the only FC7RII gene conserved between mouse 
and man. IIB has been shown to undergo alternative 
splicing generating proteins with variant cytoplasmic 
15 domains (Ravetch, et al., 1986) which target the receptor 
to different intracellular compartments upon endocytosis 
of immune complexes (Miettinen, et al., 1989). 
Macrophages express the IIB2 form of this gene, which 
localizes to coated pits while B lymphocytes 
20 preferentially express IIB1. The failure of 7-deficient 
mice to mediate phagocytosis through IIB2 may suggest a 
functional coupling of this receptor to a common 
signalling subunit, or indicate that IIB2 in vivo 
functions only as an inhibitory receptor, as has been 
25 demonstrated for B cells. Distinguishing between these 
two alternatives is now in progress. 

Second, functional expression of FcyRI is greatly 
diminished on macrophages from 7-deficient mice. This 

3 0 receptor binds IgG2a with high affinity and cannot be 
inhibited by a mAb directed against FC7RII and III, 
2.4G2. Mutant macrophages fail to bind IgG2a coated 
SRBCs through this receptor, indicating a functional 
requirement for the 7 subunit. Previous studies have 

35 demonstrated the ability of FC7RI to be expressed in 
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Discussion 

Gene targeting in embryonic stem cells was used to 
generate a mouse strain carrying a mutation in y subunit 
of FcRs, a subunit also found associated with TCR/CD3 . 
5 Mice homozygous for this mutation failed to express mRNA 
or protein for the y subunit . Based on previous 
reconstitution studies in transfected cells, it was 
expected that this mutation would result in the loss of 
surface expression for FC7RIII and FceRI. Since these 

10 receptors are restricted in their cell-type expression, 
antibody- dependant effector pathways involving mast 
cells, macrophages, neutrophils and NK cells would be 
expected to be affected. In addition, abnormalities in 
either T cell development or function might be manifested 

15 by these animals, resulting either from the loss of 
FcyRIII from an early thymocyte population or a 
requirement for y chain as a component of TCR/CD3 in some 
T cells. Deletion of the homologous f chain does result 
in such T cell developmental abnormalities {Love et al., 

20 1993) . Homozygous y-deficient mice are viable up to six 
months and fertile, demonstrating that the y subunit is 
not required for normal mouse development. 

In contrast with the absence of obvious developmental 
25 abnormalities, y subunit -deficient mice clearly show 
several types of immunodeficiency, resulting from defects 
in FcR-mediated effector functions. While these 
experiments were undertaken to precisely define the role 
of each of these FcRs in antibody-mediated effector 
30 responses, study results revealed that these mice are 
more profoundly immunocompromised than could have been 
predicted from prior in vitro studies. 

The data presented here reveal four marked differences 
35 between the mutant mice and their wild-type littermates. 



WO 95/28959 



PCT/US95/05171 



- 114 - 

differences have been observed between human and mouse NK 
cells in mediating ADCC, suggesting that the role of f 
chain is not critical to this response. No differences 
in the number of NK cells or their distribution was 
5 observed in these mutant mice, further indicating that 
the FcyRIII* early thymocyte population defined previously 
(Rodenwald, et al., 1992) is not required for NK cell 
development . 

10 Fourth, mast cells from 7-deficient mice have lost their 
response to IgE crosslinking and fail to mediate the 
classic allergic responses of mast cells. These cells are 
do not degranulate, secrete prostaglandin D 2 , induce IL-4 
synthesis or release serotonin upon IgE stimulation and 
15 crosslinking. When these mice are challenged in a passive 
cutaneous anaphylaxis assay, they fail to mount a 
response, further indicating the significance of this 
receptor in mediating the anaphylaxic response. These 
functional defects in mast cells are likely to be the 

20 direct result of the loss of FceRI expression on those 
cells. The possibility cannot be rule out that 
concommitant loss of FC7RIII from mast cells may 
contribute to this deficiency, it is unlikely to play a 
significant role since that receptor has been shown to 

25 mediate only low affinity binding to IgE. That the 7 
chain may contribute to these mast cell defects in a 
pleiotropic manner, affecting receptors other than FceRI 
similar to what has been observed in macophages, remains 
a possibility, which can be resolved by comparing FcR7 nl 

30 mice with those whose loss of FceRI results from the 
deletion of the ligand binding or subunit of this 
receptor. In those mice, the same functional defects are 
seen (Kinet, personal communication) , thus firmly 
establishing the essential role of FceRI in mediating 

35 mast cell responses to IgE and in vivo anaphylaxis. 
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heterologous cells, like COS- 7, in the absence of other 
subunits (Allen and Seed, 1989) . The cell surface 
molecule expressed on those transfected cells retains its 
ability to bind IgG2a. Thus, the failure of macrophages 
5 isolated from 7-deficient mice to bind IgG2a through 
Fc-yRI was unexpected. Since no antibody reagents exist 
which recognize this murine receptor, it cannot determine 
if 7 chain is required for cell-surface expression of 
this receptor in macrophages, or is required for ligand 

10 binding when expressed on its native cell. The 
observation that 7 chain associates with human FcyRI in 
a myelomonocytic cell line, suggests that the 
transfection results in COS-7 cells do not mimic the 
native receptor in macrophages. Since FcyRI is 

15 functionally absent from the 7-deficient cells, the net 
result of 7 deletion is an animal whose macrophages are 
unable to mediate phagocytosis of IgG opsonized 
particles. These mice will be invaluable in determining 
the contribution of phagocytosis of IgG opsonized 

20 pathogens in the normal immune response. 

Third, freshly isolated or IL-2 stimulated NK cells from 
7-deficient mice have lost the ability to mediate ADCC, 
while retaining natural cytolytic activity against tumor 

25 targets like YAC-1. This defect in ADCC is the result of 
the loss of expression of FC7RIII, since NK cells do not 
express any of the other known FcRs. These results 
eliminate any possibility of other surface components of 
NK cells substituting for FC7RIII in ADCC. The absolute 

30 requirement for 7 chain expression in the mouse is to be 
contrasted with the situation in human NK cells, where f 
chain can efficiently substitute for 7 chain. Thus, mice 
can assemble only two types of FC7RIII - or\ 2 and oryf while 
human NK cells have been shown to possess an additional 

35 receptor complex composed of af 2 . No functional 
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polymerase chain reaction using specific primers for 
exons 1 and 2, or by comparing the genomic sequences with 
the restriction map. The targeting vector pFCRyP was 
made by subcloning a 1.1 kb Xhol-Sall fragment 

5 containing 5' upstream sequences, exon 1 and 5' part of 
exon 2 of the murine y subunit gene into the Xhol site of 
pMCl- neo (Stratagene) to create pMCl-7- neo . A 3.9-kb 
Sail fragment spanning the 3' part of exon 2 to sequences 
5' of exon 5 of the y gene was subcloned into the Sail 

10 site of pMCl-y-neo to create pMCl-neo-FCRg. The 
resulting insert was integrated into the Xhol site of 
pIC19R-MCltk (Marsh et al.,1984; Thomas and Capecchi, 
1987) to give PFCR7P as shown in Figure 8A. The vector 
was linearized at a unique Clal site within the 

15 polylinker of the plasmid. 

Monoclonal Antibodies 

The following primary antibodies were used in this study: 
2.4G2 (anti-FcgRII/III, Unkeless, 1979); TIB191 (anti- 

20 TNP IgGl from the ATCC) ; I GEL (anti-TNP IgE from the 
ATCC) ; anti-SRBC IgG2a (S-S.l), IgG2b (N-S . 8 . 1) , 
IgG3 (NS.7)all obtained from the ATCC; RM4-5 (anti-CD4) , 
53-6.7 (anti-CD8), H57-597 (anti-TCRajS) , DNL-1.9 (anti- 
B220), RB6-8C5 ( ant i- granulocyte ) , 145-2C11 (anti-CD3) 

25 all from Pharmingen; Ml/70 (anti-Mac-1) f 30-H12 (anti- 
Thyl.2) from Boehringer Mannheim; 4D11 (anti-LGL-1) , 
kindly provided by Dr. Llewellyn Mason; Ack2 (anti-ckit) 
kindly provided by Dr. S. Nishikawa. 

3 0 Cell Cultures and Tranaf ections 

The ES cell line E14 {Hooper, et al . , 1987) was 
maintained in Dulbecco's modified Eagle's Medium (DMEM) 
containing 15% heat -inactivated fetal calf serum (FCS) , 
0.1 mM 2-mercaptoethanol, 2 mM glutamine, 0.1 mM non- 
35 essential amine acids (Gibco-BRL) , and 1000 U/ml 
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In marked contrast to the defects in innate immunity 
resulting from FcR perturbation, T cell development 
appears to be grossly normal. The same populations of 
cells were observed in thymocytes and peripheral T cells 
5 from 2 week or 10 week old mice in the y-deficient 
animals and their wild- type littermates. This chain, 
while found associated with TCR/CD3 in some populations 
of T cells, is clearly not critical for normal T cell 
development, in contrast to what has been reported in f- 

10 deficient animals. This preliminary analysis of T cell 
populations in these mutant mice further suggests that 
the dominant FcyRIII* population of early thymocytes (day 
14.5-16.5), is not essential for progression through the 
normal T cell developmental program. Whether specific 

15 defects in T cell populations which appear to use the y 
chain exclusively are found in these animals remains to 
be determined. 

These mice therefore will enable studies to be performed 
20 evaluating the contribution of IgG and IgE triggered 
effector responses to a variety of pathogens and will aid 
in further defining the role of this subunit in both T 
cell and effector cell pathways. 

25 Experimental Procedures 

Construction of the Targeting Vector pFCR-yP 

Phage clones spanning the mouse FcR 7 subunit gene were 
isolated from the genomic library of 129/Ola origin (te 

30 Riele et al.,1990) using a mouse y subunit cDNA probe (Ra 
et al., 1989). EcoRI fragments were subcloned into 
plasmid vectors, and exons and flanking sequences were 
partially sequenced. The sequences determined were found 
to be identical to that described by Ra, et al., 1989. 

35 The localization of each exon was determined by 
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to heterozygous siblings. F 2 offspring from these crosses 
were genotyped by genomic blotting to distinguish 
heterozygotes from homozygotes . 

5 Southern Blot Analysis and Genotypina of Progeny 

DNA was isolated from the E14 cell line and from each of 
the G418- and FIAU-double resistant ES cell clones. DNA 
was subjected to restriction enzyme digestion with Bgll 
and EcoRI. Each digest was fractionated on a 0.7% 

10 agarose gel, transferred to GeneScreen (DuPont) , and 
hybridized with 0.5 kb SacI fragment (Figure 8). In 
addition, blots were also screened with a neo, HSV-tk 
probe, 0.34 kb Sacl-Sall fragment (probe C) and 0.33 kb 
Hindi I I -EcoRI fragment (probe B) from y subunit genomic 

15 clone (Figure 8) . For Southern analysis for genotyping 
progeny, DNA was prepared from tail tips of weaned mice 
at 3 -weeks of age. Genomic DNA was digested with Bgll 
and EcoRI and subjected for gel electrophoresis and 
transferred as above and probed with a 0.42 kb Sall-EcoRI 

20 7 subunit cDNA fragment (Ra, et al., 1989) 

Flow Cytometric Analysis 

Single-cell suspensions from bone marrow, spleen, thymus 
and peritoneal cavity of mice from 2 weeks to 3 months of 

25 age were prepared as described below. Aliquots of 10 6 
cells were stained for 30 minutes at 4° C with FITC or PE 
conjugated antibodies as noted in the text. Unconjugated 
monoclonal antibodies were revealed by FITC- or PE- 
conjugated goat anti-mouse IgG F(ab). Cells were washed 

30 twice in PBS containing 1% BSA and 0.1% sodium azide 
after each incubation and fixed in PBS, o.l% sodium azide 
and 1% formaldehyde. Fluorescence intensity was measured 
on a FACScan flow cytometer using FACScan research 
software (Becton, Dickinson and Co.). Dead cells were 

35 eliminated from the analysis on the basis of forward and 
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recombinant leukemia inhibitory factor (ESGRO; Gibco-BRL) 
on feeder layers from primary embryonic fibroblasts in a 
37 C, 5% C0 2 humidified incubator. ES cells (1 x 10 7 ) in 
600 /il of phosphate buffered saline (PBS; Ca 2 * and Mg 2+ 
5 free) containing 50 /xg of linearized targeting vector 
were electroporated at 800 V with a 3 /iF capacitance in 
a 0.4 cm wide cuvette (Bio-Rad Gene Pulser) . After 
approximately 10 min, the cells were plated on 60 mm 
dishes with neo -resistant embryonic fibroblast feeder 

10 layer cells. The selection was started 24 hr later with 
3 00 fig /ml G418 alone or together with 0.2 //M FIAU. 
Colonies were picked and transferred to individual wells 
of 96-well dishes. Each clone was subsequently 
transferred to 1 well of 24 -well dishes and grown to 

15 confluence. At this point, one-third of each clone was 
frozen at -80° C, and the remainder was used to prepare 
DNA for Southern analysis . 



20 Embryo Injection and Mouse Breeding 

C57BL/6 blastocysts (3.5 days post coitum) were flushed 
from the uterus of naturally mated females in DMEM 
containing 10% FCS. ES cells (10-20 cells) from each 
clone were micro injected into the blastocoele of each 

25 blastocyst, which were reimplanted into the uterus of day 
2.5 pseudopregnant foster mothers. The E14 ES cell line 
was originally derived from an XY blastocyst of the 
129/Ola strain (Hooper et al., 1987). Chimeric animals 
were then detected by the presence of agouti patches on 

30 the non-agouti (black) fur and were mated with non-agouti 
C57BL/6 animals. Germline transmission was scored by the 
presence of agouti offspring in the litter. Agouti F 1 
offspring from chimera and C57BL/6 crosses were genotyped 
by genomic blotting of DNA prepared from tail biopsies. 

35 Animals heterozygous for the FcRV* 1 mutation were crossed 
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with ethidium bromide staining. Primer sequences for PCR 
amplification were as follows: 5' -GAGATCATCGGCATTTTGAAC- 
3' (SEQ ID NO: 10) and 5 ' - CTTGGACTCATTCATGGTGCA- 3 ' (SEQ 
ID NO: 11) for IL-4 cDNA (Noma, et al . , 1986, Lee et al . , 
5 1986) generating a 267 bp fragment; 5' - 
CCAGGATGATCTCAGCCG- 3 ' ( SEQ ID NO : 12 ) and 5 ' - 
ACAGTAGAGTAGGGTAAG-3 ' (SEQ ID NO: 13) for -y subunit cDNA 
corresponding to exons 1 and 2 generating a 137 bp 
fragment ; 5 ' - CTTCCTCGTGCTTTACGGTATC- 3 ' ( SEQ ID NO : 14 ) 
10 and 5' -CTTCAGAGTCTCATATGT-3 ' (SEQ ID NO: 15) for neo-y- 
subunit fusion cDNA (Figure 9) generating a 197 bp 
fragment . 

IL-4 mRNA Induction and Prostaglandin D 3 Release from Mast 
15 Cells 

Bone marrow cells were flushed out of the femurs and 
tibias of mice using a 23 -gauge needle, resuspended and 
then washed in PBS . The cells were cultured in MC medium 
consisting of 10% WEHI-3A culture supernatant or 

20 recombinant IL-3, 10% heat- inactivated FCS, RPMI1640 
medium, 4 mM glutamine, non-essential amino acids, 10" 5 
M 2-mercaptoethanol, ImM sodium pyruvate, lOOU/ml 
penicllin, 100 /xg/ml streptomycin, replacing the medium 
every 3 to 4 days. The bone -marrow derived, IL-3 induced 

25 mast cells were suspended at 5 x 10 5 cells/ml in MC medium 
and mixed with 1/4 volume of culture supernatant of mouse 
anti-TNP IgE-producing hybridoma, I GEL, at 37 C for 18 hr 
in 95% air-5%C0 2 . The cells were washed, resuspended at 
4 x 10 5 cells/ml and divided into 24 -well culture plates 

30 at 1 ml/well with anti-mouse IgE monoclonal antibody at 
10 /Kj/ml. The cells and culture supernatant were 
collected at various time intervals and stored at -80 C 
until use. The cell pellet was used for RT-PCR assay to 
determine IL-4 mRNA induction (Plaut, et al . , 1989), and 

35 culture supernatant was subjected for the 
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sideways light scatter. 

Preparation of IL- 2 -activated Splenocvtes 

Spleens of wild- type and mutant mice were removed 
5 aseptically and crushed with the hub of a syringe and a 
stainless steel tea filter in medium (NK medium) 
consisting of RPMI1640 with 0.1 mM nonessential amino 
acids and 1 mM sodium pyruvate, 5 x 10 " s M 2- 
mercaptoethanol , 100 U/ml penicillin, 100 jig/ml 

10 streptomycin, 2 mM glutamine, and 10% heat-inactivated 
FCS (HyClone) . The whole spleen cell suspension was 
passed through stainless mesh, the erythrocyte lysed by 
Tris/NH 4 C1 and the remaining cells centrifuged and washed 
with NK medium and then passed through a nylon wool 

15 column. The nylon-passed cells were resuspended at 5 x 
10 6 cells/ml and cultured for 4 to 7 days in NK medium 
supplemented with 1000 U/ml recombinant IL-2 (Gibco-BRL) 
and 1 /xg/ml indomethacin (Sigma) . Fresh medium was added 
at a 1:1 volume every 3- to 4-days. The cells were 

20 harvested at the end of the incubation, washed and used 
for the flow cytometric analysis or sl Cr-release 
cytotoxicity test . 

RT-PCR Analysis 

25 Total RNA was prepared from single cell suspensions 
according to Chomczynski and Sacchi (1987) using RNAzol 
{Cinna/Biotecx Laboratories, Houston, TX) . First-strand 
cDNA synthesis from total RNA derived from 5x10 s cells 
was performed using Superscript reverse transcriptase 

30 (Gibco-BRL) and oligo(dT) primers. Oligonucleotide 
primers complementary to regions of the exons 1 and 5 
(Figure 8) were incubated with one- twentieth of reverse 
transcribed RNA mixture and subjected to 3 0 cycles of 
amplification using standard PCR protocols. PCR products 

3 5 were analyzed on a 7.5% polyacrylamide gel and visualized 
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N-S.7 (anti-SRBC IgG2a, 2b, and IgG3 , respectively). 
These antibodies for opsonization were used at non- 
agglutinating titers. Opsonized SRBC were added to 
macrophage monolayers prepared as described above and 
5 incubated either for 30 minutes at 4° C for determination 
of rosetting or for 90 rain at 37° C in 95% air-5% C0 2 , and 
then washed extensively with PBS for determination of 
phagocytosis. For estimation of phagocytosis activity, 
they were further washed in distilled water to 
10 hypotonically lyse extracellularly rosetted SRBC. The 
cells were then fixed in 0.25% glutaraldehyde and were 
photographed or counted for the number of rosetted and 
phagocytic cells using phase contrast microscopy. 

15 Cytotoxicity Assays 

Cytotoxicity assays using IL-2- induced splenic NK cells 
were performed in 96 -well U-bottom plates (Corning) 
according to Rodewald et al. (1992). Target cells were 
labeled with sl Cr (DuPont-NEN, Boston, MA) at 100 /xCi per 

20 10 6 cells for 1 hr at 37° C, washed twice, and used in a 
standard 4 hr 5l Cr-release assay with 5 x 10 3 target cells 
per well. Maximum isotope release was measured by 
incubating the target cells in 1% Nonidet P-40. 
Spontaneous release was measured by incubation of the 

25 target cells in culture medium alone. Results are 
expressed as the mean of percent -specif ic lysis of 
triplicate samples (with S.D, < 10%) . NK activity was 
evaluated using various effector: target ratios against 
either the conventional NK target cell line YAC-1 (murine 

30 B lymphoma) or EL-4 (murine thymoma). For ADCC assays, 
EL-4 cells were 51 Cr-labeled, treated with 30 mM 2,4,6- 
trinitrobenzene sulfonic acid (ICN Biochemicals) in PBS 
for 5 min at room temperature, washed and incubated for 
30 min with an anti-TNP antibody (IgGl, clone 1B7.11 

35 [ATCC, Rockville, MD] ) using culture supernatant (1:128 
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radioimmunoassay of prostaglandin D 2 (Amersham) . 

Degranulation and 3 H-serotonin release assay was performed 
using monoclonal mouse IgE as sensitizing antibody and 
5 ant i -mouse IgE as stimulating antibody as previously 
described (Daeron, et al . , 1992). Briefly, BM derived 
mast cells (IxlO 6 ) were incubated overnight with mouse IgE 
monoclonal Ab at 4 /ig/ml and washed. In the serotonin 
release assay, they were incubated with S^iC^/mVE- 
10 serotonin for 14 hr at 37°C and washed extensively. Cells 
were then stimulated with anit -mouse IgE monoclonal Ab at 
10 /xg/ml and incubated for 60 minutes. Maximal release 
was determined using A23187 as a nonspecific ionophore. 

15 

Macrophage Cultures 

Mice were injected intraperitoneally with 1 ml of 5% 
thioglycollate , and peritoneal exudate cells were 
harvested 3 days later. The cells were suspended in 

20 alpha-modified MEM (a-MEM) supplemented with 10% heat- 
inactivated FCS, to a concentration of 1 x 10 6 cells/ml. 
They were plated in 24 -well culture plates at 1 ml/well 
and incubated for 6 hr at 37 C in 95% air- 5% C0 2 . 
Following this, the nonadherent cells were removed by 

25 rinsing the monolayers with PBS and the thus purified 
macrophages were subjected to the assays described below. 

Preparation of Opsonized Erythrocytes, Rosettina and 
Phagocytosis Assays 

30 Sheep red blood cells (SRBC; Gibco) were first 
derivatized with the hapten trinitrophenyl (TNP) as 
described (Rodewald, et al., 1992). They were then 
incubated with the culture supernatant of TIB191 (anti- 
TNP IgGl) . Alternatively, intact SRBC were, incubated 

35 with culture supernatant of hybridomas S-S . 1 , N-S . 8 . 1 and 
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(Sigma) was added to permit visual localization of 
increased vascular permeability. The reaction was 
quantitated at 60 minutes post injection. 
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final concentration) . Cells were washed extensively, and 
used as targets as above. ' For the blocking of FcyRII/III 
function, effector NK cells were incubated with 2.4G2 at 
10 ^g/ml for 30 min prior to the cytotoxicity assays: 
5 the blocking antibody was not removed before the assay. 
TNP derivatization or treatment with an anti-TNP antibody 
had no effect on spontaneous release of radioactivity. 

Immunoblot Analysis 

10 4 x 10 6 cells of thioglycollate-elicited peritoneal 
macrophages, IL- 3 -induced bone marrow mast cells and IL- 
2 -induced splenic NK cells were suspended in 30 pi of 
gel-loading buffer, and 15 fil (2 x 10 5 cell equivalents) 
was loaded on a 15% SDS-polyacrylamide gel. Following 

15 electrophoresis, protein was transferred to 
nitrocellulose for 18 hr at 20 V, and the blot was 
blocked 1 hr in PBS containing 5% non-fat milk powder and 
0.1% Tween 20. FcR 7 subunit was detected by incubating 
the blot first with the rabbit anti-mouse 7 chain 

20 antiserum (Kurosaki and Ravetch, 1989) , then washed 
extensively in PBS containing 0.1% Tween 20, and 
incubated with horseradish peroxidase -conjugated anti- 
rabbit antibody in PBS plus 0.1% Tween 20. After washing 
excess antibody away, the filter was developed using the 

25 Enhanced Chemiluminescence (ECL) detection system 
(Amersham) . 

Passive Cutaneous Anaphylaxis 

Eight week old 7-deficient mice and their littermate 
30 controls were lightly anesthetized and injected 
intradermally in the left ear with 20 ng of monoclonal 
mouse anti-DNP IgE (Sigma) diluted in 20/il DMEM; the 
right ear was injected with DMEM alone. The next day, 
the mice were injected i.v. with 100/ig DNP-human serum 
35 albumin (Sigma) in 100^1 0.9% NaCl; 1% Evans blue dye 
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Fourth Series of Experiments 

SUMMARY 

5 Antibody -antigen complexes are potent initiators of the 
inflammatory response and thus are central to the 
pathogenesis of autoimmune tissue injury. The 
canonical model by which immune complexes stimulate the 
inflammatory cascade holds that complement binds to and 

10 is activated by immune complexes; this then triggers a 
proteolytic cascade which culminates in edema, hemor- 
rhage, polymorphonuclear cell infiltration and subse- 
quent tissue damage. This pathway has been re- 
investigated using the classical experimental model of 

15 inflammation, the Arthus reaction, in a murine strain 

in which a gene required for Fc receptor expression has 
been deleted (FcR-y nl ) . Unexpectedly, these mice are un- 
able to mount an effective inflammatory response when 
challenged with antibody -anti gen complexes, despite an 

20 intact complement cascade and normal inflammatory re- 
sponses to other stimulatory agents. Based on these re- 
sults, a new model of immune complex- triggered inflam- 
mation is proposed in which the inflammatory reaction 
is initiated by cell-bound Fc receptors and is then 

25 propagated and amplified by released cellular mediators 
and activated complement. The identification of Fc 
receptor engagement as a critical step in the initia- 
tion of immune complex-mediated inflammation offers a 
new mechanistic paradigm of the inflammatory cascade 

3 0 and provides further confirmation for treating 

immunological injury, such as inflammation, allergy and 
autoimmune disease, by inhibiting the interaction of 
antibody-antigen complex with Fc receptors. 

35 A strain of mice genetically deficient in the -y-subunit 
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of the Fc receptor complex (10) has been recently 
developed, thereby eliminating the expression of 
FC7RIII and the high affinity receptor for IgE, FceRI, 
and functionally limiting the expression of FcyRI . In 
5 vitro studies have demonstrated that macrophages from 
these mice are unable to phagocytose antibody- coated 
targets and that NK cells fail to mediate ADCC, 
consistent with a pleitropic defect in immune complex- 
triggered effector responses. In vivo, the loss of 
10 FceRI results in animals unable to mount cutaneous or 
systemic anaphylactic responses to IgE triggered mast 
cell activation. 

This genetically defined strain of mice has been used 
15 to evaluate the role of specific Fc receptors in the 
Arthus reaction. When challenged with IgG immune 
complexes, these animals mount a markedly diminished 
inflammatory reaction, despite a normally functioning 
complement system. Concurrent complement depletion in 
20 the Fc deficient mice completely abrogates the mild 
residual response. These unexpected results indicate 
that complement, long thought to be the key initiator 
of immune complex- triggered inflammatory responses, is 
a necessary, but not sufficient component of this cas- 
25 cade. Engagement of Fc receptors by immune complexes 
on the surface of effector cells is an early and crit- 
ical step in this physiologically significant reaction. 

The Arthus Reaction. Mice deficient for the 7 chain of 
30 FcR (-/-), along with heterozygous {+/-) or wild-type 
( + /+) littermates, were injected intravenously with 20 
mg/kg chicken egg ovalbumin (OVA) , followed by in- 
tradermal injections of either rabbit a-ovalbumin IgG 
(Rb or-OVA) , preimmune rabbit IgG or buffer alone, as 
35 previously published (11) . The animals were sacrificed 



WO 95/28959 



PCT/US95/05171 



- 134 - 

at 2,4,8 and 12 hours post challenge, and the injected 
skin was removed and examined histologically for the 
three hallmarks of inflammation - edema, hemorrhage and 
neutrophil infiltration. As seen in Fig. 15, the skin 
5 from the mouse shows a dramatic reduction in these 

parameters when compared with its +/+ counterpart; the 
reaction in +/- vs. +/+ was similar both qualitatively 
and quantitatively (not shown) . Consistent with 
numerous previous studies of the reverse passive Arthus 

10 reaction (2,3,5,6,7,8), in the absence of specific 

antibody to ovalbumin, little or no detectable inflam- 
matory reaction was observed (not shown) . The residual 
response seen is likely to be the result of non-specif- 
ic tissue trauma or direct complement activation, since 

15 it is independent of the formation of immune complexes 
and observed in response to normal rabbit serum (not 
shown) . As shown below, this residual response is 
eliminated by depletion of complement with cobra venom 
. factor. 

20 

Blinded histologic scoring for a series of at least 3 0 
skin sections in each group on a scale of 1+ to 4+ re- 
vealed a consistent and parallel reduction of all three 
parameters in the -/- vs +/+ mice at all time point's 
25 measured; edema peaked at two to four hours, whereas 

hemorrhage and neutrophil infiltration were maximal at 
8 hours, consistent with previously reported results 
(11) . 

30 The edema was further quantitated both visually, using 
Evans Blue, and with intravenously injected 125 I -bovine 
serum albumin, which allows direct measurement of the 
volume of extravasated serum in the inflammatory lesion 
and which was more sensitive at later time points. 

35 Figure 9, left, shows a representative 2 hour 
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experiment guantitating total edema. On the right are 
photographs (+/+, top; -/-, bottom) of inverted skin 
samples at this time point; both show the early and 
distinct difference in edema formation between the -/- 
5 and the +/+ mice. 

Hemorrhage was quantitated macroscopically by measuring 
the size of the purpuric spot in inverted skin 
sections. Figure 17, left, shows the numerical values 

10 of hemorrhage seen during a representative 8 hour ex- 
periment, and on the right are photographs of the 
inverted skin from a similar experiment. As can be 
seen, there are dramatic differences in both the size 
and intensity of the hemorrhagic lesions; these 

15 differences were also present at 4 and 12 hours (not 
shown) . 

Because myeloperoxidase (MPO) is an enzyme present in 
. abundance in the primary granules of neutrophils (and 

20 to a very minor extent in myeloid cells) its 

colorimetric measurement has been used to accurately 
quant itate neutrophils in both tissues and fluids (12) . 
After verifying that the myeloperoxidase content of -/* 
and + / + neutrophils was not significantly different, 

25 myeloperoxidase was extracted from injected areas of 

skin and quantitated using purified MPO as a standard. 
The MPO values from a representative 8 hour experiment 
are displayed in Fig. 18 and demonstrate the substan- 
tial difference between the -/- and +/+ mice, which was 

30 present at similar, albeit somewhat reduced, values at 
4 and 12 hours as well. 

The lack of Arthus response in the -/- mice was not due 
to a lag in kinetics, since minimal inflammation was 
35 seen at up to 24 hours. In addition, the differences 
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seen were not dependent on type of antibody used. 
Purified mouse monoclonal IgG2a to TNP, known to elicit 
an attenuated inflammatory response relative to 
heterologous antibody, nonetheless showed a detectable 
5 and consistent deficit in the mice. In contrast, 

the IgG3 subclass of antibody, which does not interact 
with FcyRI/H or III elicited the expected mild and 
indistinguishable response in the two mouse strains. 

10 To determine if the complement system is intact in the 
-/- mice, total hemolytic complement levels were 
determined with the use of sheep red blood cells (SRBC) 
coated with rabbit anti-SRBC antibodies. Both + /+ and 
-/- animals had comparable and insignificantly 

15 different amounts of hemolytic complement, averaging 

82+30 and 187+76 U/ml, respectively. The expression and 
function of the C3bi receptor, CR3, was characterized 
on -/- and +/+ macrophages. FACS analysis of 
macrophages derived from these two populations of mice 

20 demonstrated identical levels of CR3 expression. 

Similarly, SRBCs opsonized with C3bi were internalized 
normally by both +/+ and -/- macrophages. Consistent 
with these observations, the complement cascade was 
able to function normally in vivo. Intradermal 

25 injection of zymosan, which activates complement 
independently of immune complexes, through the 
"alternative pathway" , showed vigorous and 
indistinguishable inflammatory responses. The 
inflammatory deficit displayed by the -/- mice can 

3 0 therefore be attributed to the lack of Fc receptors in 
these animals. 

These studies consistently demonstrated that FcR 
deficient mice have substantially diminished reverse 
35 passive Arthus reactions in response to Rb a-OVA/OVA 
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immune complexes. The lack of response in the -/- mice 
was not due to a lag in the kinetics of the response, 
since animals sacrificed at up to 24 hours still 
revealed minimal evidence of inflammation (not shown) . 
5 In addition, the differences in inflammatory response 
were not dependent on the antibody used. Purified 
monoclonal mouse IgG2a anti-TNP, known to elicit an 
attenuated inflammatory response relative to 
heterologous antibody (7) , nonetheless showed a 

10 detectable and consistent deficit in the mice, as 
seen in Figure 19. In contrast, the IgG3 subclass of 
antibody does not interact with FcyRI,II or III (7,13) 
and would therefore be expected to elicit an equivalent 
response in the two mouse strains. As shown in Figure 

15 20, left, -/- mice responded to IgG3 immune complexes 
with a mild inflammatory response indistinguishable 
from the + /+ littermates (not shown) . 

Other Inflammatory Parameters. Based on the results 

2 0 presented here, Fc receptor engagement by immune 

complexes is a critical step in the initiation of an 
antigen-antibody mediated inflammatory response. Since 
complement activation has been thought to be the key 
step in the initiation of the Arthus reaction, and 

25 since a defective complement system in the mice is 

an alternative explanation for the results obtained, 
experiments to document an intact complement system 
were performed. First, total hemolytic complement 
levels were determined in -/- and + /+ mice, using sheep 

30 RBC's sensitized with rabbit anti-SRBC antibodies as 

targets (14) . Both +/+ and -/- animals had comparable 
levels of hemolytic complement, averaging 82±30 and 
187+76 U/ml, respectively. The ability of the 
complement cascade to function in vivo was next 

35 determined by challenging these animals with intra- 
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dermal zymosan, which activates complement independent 
of immune complexes, via the "alternative pathway" 
(15) . As seen in figure 20, right, zymosan induced a 
dramatic inflammatory response in the -/- mice, which 
5 was indistinguishable from that of the +/+ mice (not 
shown) . The data presented in figure 20 indicate that 
inflammatory responses to stimuli which do not interact 
with Fc receptors, like zymosan or mouse IgG3, are 
intact in the -/- mice. The defect displayed by these 
10 animals in mounting an inflammatory response to IgG im- 
mune complexes is therefore most likely the result of 
deletion of Fc receptors for these immune complexes. 

The role of complement in the initiation of this 
15 response was further assessed by complement depleting 
+/+ and -/- mice with cobra venom factor (7,16) and 
then performing a reverse passive Arthus reaction. As 
shown in figure 21, the +/+ mice show the previously 
reported attenuation in the inflammatory response, 
20 whereas the residual inflammatory response found in the 
-/- mice was completely ablated, despite the fact that 
both had levels of hemolytic complement not signif- 
icantly different from that of heat -inactivated (i.e. 
complement depleted) serum. From these studies it 
25 appears that the role of complement in initiating the 
immune complex mediated inflammatory response is sec- 
ondary to that of Fc receptor engagement, although it 
is undoubtedly necessary for its full expression. 

30 Neutrophils are another key element in the Arthus 

reaction, and a defect in neutrophil chemotaxis and 
function might thus be expected to cause an abnormal 
Arthus reaction. This is not the cause of the 
attenuated neutrophil response, however, because equiv- 

35 alently vigorous neutrophil exudation into the perito- 
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neum of both +/+ and -/- mice was observed 4 hours 
after inducing nonspecific inflammation with intra- 
peritoneal thioglycollate. In response to this 
inflammatory challenge +/+ mice generated 48.7xl0 6 
5 cells of which 64% were PMNs, while -/- mice had 
46.3X10 6 cells, of which 59% were PMNs (17). 

Deletion of the y chain of the Fc receptor complex 
results in the loss of surface expression of FcyRI, 

10 FctRIII and the IgE high affinity receptor, FceRI . In 
order to eliminate the unlikely possibility that the 
absent IgE receptor is responsible for the attenuated 
response, the reverse passive Arthus reaction was 
performed on mice which lack only the a-subunit of this 

15 receptor yet have a normal complement of FcyR's (18) . 
In these FceRI deficient animals, a vigorous reverse 
passive Arthus reaction was elicited, comparable in 
magnitude to +/+ mice (not shown) . Thus, while FceRI 
is absolutely critical to the IgE mediated cutaneous 

20 and systemic anaphylaxis reactions (10,18,19), it is 
not necessary for inflammatory responses triggered by 
IgG immune complexes. The y chain is also known to 
associate with the T cell receptor /CD3 complex. As 
shown (10), no defect in thymic or peripheral T cells 

25 are observed in the mice, due to retention of the f 

chain, which can substitute for the function of the 7 
chain in TCR/CD3 assembly and signalling. No other 
immune receptors have been identified which require the 
presence of y chain for their expression or function. 

30 In particular, none of the complement receptors assem- 
ble with this chain (20) and their ability to signal in 
vivo, as demonstrated in figure 20, argues against a 
defect in their function in the -/- mice. 

35 Defining a new model of immune complex-mediated 
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inflammation. While these studies strongly suggest a 
central role for the IgG Fc receptors in initiating the 
immune complex inflammatory response, the relevant Fc 
receptor -bearing cell types which are involved cannot 
5 be definitively assigned at this time. Several lines 

of evidence, however, suggest that the mast cell, which 
expresses FC7RII and FC7RIII, is a likely candidate. 
First, mast cells are found in high density in the skin 
and are favorably positioned around blood vessels; thus 

10 they are easily accessible to circulating immune com- 
plexes (9,21) . Second, mast cells have been shown to be 
important in the expression of such inflammatory pro- 
cesses as leukocyte infiltration and edema; in 
addition, they are known to store and release a variety 

15 of pro- inflammatory mediators, such as histamine, 
platelet-activating factor, leukotrienes, 
cyclooxygenases, and TNF-a , which can activate 
endothelium and can stimulate the production of neu- 
trophil chemoattractants (21,22). Third, indirect 

20 evidence from Benacerraf, et . al. (23) has shown that 

in response to circulating immune complexes, there is a 
striking increase in endothelial permeability in the 
skin and stomach, sites where mast cells are located in 
abundance. And last, recent work on mast cell 

25 deficient mice (11) has demonstrated that the 

attenuated reverse passive Arthus reaction in these 
mice is reconstituted by local replacement of wild-type 
mast cells. 

30 While it is true that the FcRy deficient mice are miss- 
ing both FcyRI and FcyRIII, and that both receptors may 
contribute to the reaction, it is more likely that 
FcyRIII is the relevant receptor. FcyRI is a high 
affinity receptor, preferentially binding monomeric 

35 IgG, while FcyRIII interacts only with immune complexes 
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and is expressed at high density on mast cells and 
macrophages. Preferential engagement of FC7RIII is 
observed when IgG immune complexes are presented to 
mast cells and macrophages, triggering their activation 
5 in vitro (9, 24) . 

The model suggested by the studies presented here and 
in previous work on the inflammatory response to immune 
complexes is presented in Figure 22. Several potential 

10 mechanisms are consistent with the data on the role of 
FcR cross-linking in initiating the inflammatory re- 
sponse to immune complexes. Triggering of mast cells 
could result in the release of preformed mediators, 
thereby increasing vascular permeability, activating 

15 complement and stimulating the local adhesion and 

migration of neutrophils. Alternatively, FcR cross- 
linking by immune complexes may directly result in the 
activation of complement components, along with known 
pro- inflammatory mediators, and thereby set off the 

20 cascade of events which culminates in the dramatic 

sequalea of the inflammatory response. The possibility 
that Fc and complement receptors act synergistically in 
initiating the inflammatory response, requiring that 
both be intact to trigger its full in vivo expression 

25 cannot be ruled out. In either case, inhibition of FcR 
cross -linking by immune complexes can be expected to 
dramatically attenuate the inflammatory response by 
targeting the initiation of the cascade, rather than 
its propagation and amplification. 
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Fifth Series of Experiments 

GENERATING ANIMALS CONTAINING HUMAN Fc RECEPTORS OR 
DOMAINS THEREOF 

5 

Technique A. The first step in generating a mouse, or 
other non-human animal species, capable of expressing a 
human Fc receptor {FcR) , FcR subunit, or protein 
containing a domain of a human FcR is to construct a 

10 targeting vector. The targeting vector should contain a 
human FcR gene or appropriate artificial gene construct 
and homologous flanking sequences which will facilitate 
incorporation of the humanized gene in the mouse (or 
other animal) genome by homologous recombination. The 

15 construction of such a targeting vector is analogous to 
construction of the targeting vector described herein 
for generating a FcR gamma chain deficient mouse. 
Preferably the vector is initially constructed as a 
.plasmid, and the plasmid sequences are subsequently 

20 removed. The second step is to transfect linearized 
vector into ES cells (Takai, et al . , Cell (1994) 76: 
519-529) . ES cells are then microinjected into the 
blastocoel of blastocysts flushed from the uterus of 
naturally mated females. The blastocysts are then 

25 reimplanted into the uterus of pseudopregnant foster 
mothers at about day 2.5. Chimeric animals are 
detected by the presence of agouti patches on the black 
fur. Animals heterozygous or homozygous for the 
humanized FcR or FcR-based protein are then mated with 

30 mice incapable of expressing the analogous mouse FcR 
protein. Offspring are genotyped by genomic blotting 
to distinguish heterozygotes from homozygotes. 

35 Technique B. Inject DNA of an expression construct 
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which is defined as a fragment of DNA containing 
genomic sequences which direct the expression of RNA 
derived from this DNA to a particular cell type and DNA 
sequences encoding a human Fc receptor gene or portion 
5 thereof, and mouse sequences. This DNA was injected 
into the fertilized zygote according to established 
procedures to generate a transgenic animal. The zygote 
was implanted into a pseudopregnant foster mother to 
generate viable offspring. Mice containing the 

10 transgene were identified by genomic Southern blots of 
tail tip DNA utilizing DNA sequence probes specific to 
the human DNA elements. Transgenic mice generated in 
this way have been demonstrated to express human Fc 
receptor protein or portion thereof in a cell -type 

15 specific fashion. These transgenic mice expressing 

human Fc receptor protein or Fc receptor protein domain 
are mated to Fc receptor deficient mice, thereby 
reconstituting expression of a specific Fc receptor 
subunit or domain thereof in a mouse deficient for that 

20 subunit or domain. Progeny expressing the humanized 
receptor were identified by genomic Southern blotting 
and fluorescence-activated cell sorting of Fc receptor 
expressing cells using monoclonal antibodies specific 
for human Fc receptor proteins. 

25 

Crosslinking of FcyRIIIA on NK cells results in 
increases in [Ca++] i# ip 3 turnover tyrosine 
phosphorylation, IL-2 production and IL-2 receptor 
expression. Similar findings were reported for FcyRIII 

30 crosslinking on mast cells and macrophages, although 
studies in those cells is always complicated by the 
presence of endogenous FcyRI and II, which makes 
assignment of a particular signalling pathway to a 
single FcyR difficult. In order to dissect the roles 

3 5 of specific domains of individual FcyRs involved in 
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signal transduction required the development of a 
manipulable cell system, in which endogenous FcyRs 
would not confounding. FcyRs have been expressed in 
fibroblastic cells and bind ligand specifically, 
5 however, crosslinking of these receptors does not 
result in signalling. The f chain of the TCR/CD3 
complex has been shown to be involved in signal 
transduction from that receptor. FcyRIII signalling in 
Jurkat T cells was reconstituted, as a model for 
10 FcyRIII signalling. Results obtained with that system 
were verified in P815 mast cells, since the human 
FcyRIII could be engaged independently of the 
endogenous murine FcyRs through the use of monoclonal 
Fabs to the transfected receptor. 

15 

FcyRIIIAa, y chains were expressed by co-transf ection 
in Jurkat cells and the subunit composition of the 
expressed receptors determined by immunoprecipitation. 
Only ay complexes were observed, despite the presence 

2 0 of endogenous f chain, which was found to 

preferentially assemble with the TCR/CD3 chains. 
FcyRIIIB was also expressed by transfection into Jurkat 
cells and expressed as a GPI anchored molecule. 
Cytoplasmic deletions of a were expressed, as were 
25 chimeric molecules expressing a extracellular sequences 
and y transmembrane and cytoplasmic sequences (ot/y) . 
Stable cell lines were obtained and studied for FcyR 
induced signal transduction, as monitored by changes in 
[Ca++] , IP3 turnover, tyrosine phosphorylation, IL-2 

3 0 production and IL-2 receptor modulation. IIIAa+y and 

a/y chimeras were able to trigger these signalling 
events, while IIIB could not. Deletion of the 
cytoplasmic domain of or did not effect these responses, 
while truncation of the carboxy terminal 20 amino acids 
35 of the y chain resulted in a receptor which was unable 
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to mediate these signalling events. 

FcyRIHA and IIIB expression were faithfully 
reconstituted in transgenics. 

5 The genomic cosmid clones encoding human IIIA and IIIB 
were used to establish transgenic lines using standard 
procedures. These clones contain 5 kb of 5' flanking 
sequence, 15 kb of intron-exon sequence and 10 kb of 3' 
flanking sequence. Expression of the transgene (driven 

10 by its endogenous promoter) was assayed by RNA 

expression in transgene -bearing and non- transgenic 
littermates in a variety of hematopoietic and non- 
hematopoietic organs. Specificity of expression was 
determined by two-color FACS analysis of neutrophils, 

15 macrophages and lymphocytes. Peritoneal macrophages, 
either resident or elicited by thiogylocollate were 
analyzed for FcyRIII transgene expression using the 
monoclonal antibody 3G8, which is specific for the IIIA 
and B a chains and does not recognize the murine 

20 FcyRIIIa chain. A variety of macrophage markers were 
used, including F4/80. Only the IIIA transgenic line 
expressed a double positive population of F4/80/3G8 
macrophages. Neutrophils isolated from the bone marrow 
of IIIA mice and identified by the marker RB6 (Gr-1) 

25 were negative for 3G8 . Both neutrophils and 

macrophages from IIIA mice were positive for 2.4G2, the 
Mab which recognized the murine II and III gene 
products. In contrast, neutrophils from the IIIB 
transgenic line were positive for both RB6 (Gr-1) and 

30 3G8, while the macrophages from these mice were 

negative for 3G8 . PIPLC treatment of IIIB neutrophils 
eliminated the 3G8 staining of these cells, indicating 
that the IIIB transgene was expressed as a GPI anchored 
protein in these murine neutrophils. 



35 
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Two types of sutdies have been pursued to begin to 
dissect the DNA sequences regulating transcription of 
FcyRs: 1) Promoter characterization of FcyR- receptor 
constructs transfected into macrophage, lymphocyte and 
5 fibroblastic cell lines and 2) Construction of 

transgenic mice utilizing the endogenous genomic 
sequences to drive expression of human FcyRs. Studies 
have cnocent rated on the murine FcyRII and III genes 
and the human FcyRI and III genes. Transcriptional 

10 initiation sites were mapped for these genes in the 
appropriate cell types and reporter constructs 
transfected into cell lines expressing the endogenous 
gene, and compared to cell lines in which the 
endogenous gene was not expressed. For example, a 1.1 

15 kb fragment 5' of the human FcyRI gene, containing the 
multiple initiation sites was used to drive bacterial 
CAT and transfected into U937 (human myelomonocytic 
line) , RAW (murine macrophage line) and HeLa (human 
fibroblastic line) cells. Expression of CAT activity 

20 was observed only in response to IFN-y and only in U937 
and RAW cells. A sequence element has been defined 
responsible for IFN-y induction (GRR,29) and a more 3' 
sequence which appears to behave as a constituative 
promoter in U937 and RAW cells. Similar studies have 

25 been performed on the murine FcyRII promoter expressed 
in A20(B) cells, and FcyRIII expressed in RAW 
.(macrophage) and HL-60/DMSO (neutrophil) cell lines. 

Cell type restricted expression in vivo has been 
30 pursued using the intact genomic clones for human 
FcyRIIA, B, C, FcyRIIIA and B to derive transgenic 
lines. Characterization of IIIA and B are described 
above; analysis of the Fcyll mice is underway. 
Transgenics have been generated in which the putative 
3 5 regulatory sequences have been exchanged: 5 kb of 5' 
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flanking sequences derived from the IIIA gene have been 
ligated in place of the corresponding sequences of the 
IIIB gene (5 ' IIIA-IIIB3 ' ) and conversely, the 5 kb of 
5' flanking sequences of IIIA have been substituted for 
5 similar sequences of the IIIB gene (5' IIIB-IIIA3 ' ) . f x 
mice have been obtained and are being characterized for 
macrophage and neutrophil specific expression. 

Crosses of humanized and knockout mice: 
10 The following crosses of mice will be made: 

A. A mouse with expressing FcylUA (hu FcylUA) wil 
be mated with a mouse that does not express Fey IIIA 
(FcylUA knockout) . (This cross is expressed as 
15 follows: hu FcylUA x FcylUA knockout.. The following 
crosses are represented analogously) . 
hu FcylllB x FcylllAa knockout 



B. hu FcyRIIA x FcR y-chain knockout 
20 FcyRIIB knockout x hu FcyRIIB 

FcyRIIB knockout x hu FcyRIIC 



C. FcyRI knockout x hu FcyRIA 
FcyRI knockout x hu FcyRIB 
25 FcyRI knockout x hu FcyRIC 



D. A mouse which does not express any Fey receptor or 
Fee receptor will be crossed with a mouse containing 
all human Fc receptors. (Fc knockout x hu Fc) . 
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Sixth Series of Experiments 

CYTOTOXIC ANTIBODIES TRIGGER INFLAMMATION THROUGH Fc 
RECEPTORS 

5 Previous work using FcRy chain deficient mice revealed 
that Fc receptor engagement is required for the 
initiation of IgG immune complex triggered inflammation 
as demonstrated by the absence of an Arthus reaction in 
these mice (2) . To determine if cytotoxic antibodies 

10 require FcRs to mediate their effects, FcyRI,III 

deficient mice or their wild-type littermates were 
injected intraperitoneally with 200ftg of a polyclonal 
rabbit anti-mouse red blood cell IgG fraction. As 
shown in figure 26, wild-type littermates became 

15 profoundly anemic with an average hematocrit of 23.7% 
on day 4 post injection, whereas knockout mice were 
relatively resistant to the pathogenic effects of this 
antibody, resulting in an average hematocrit of 36.5%. 

20 

Then the mechanisms of the FcR dependent and FcR 
independent anemia induced by RaMRBC IgG were 
investigated. Histological examination of the livers 
and spleens of treated animals revealed a greater 

25 degree of hepatosplenomegaly in wild-type mice 
injected with RaMRBC, with prominent evidence of 
hepatic erythrophagocytosis and splenic engorgement as 
compared to their knockout littermates. These data 
suggest that polyclonal RaMRBC IgG is likely to be 

3 0 inducing anemia predominately through 

erythrophagocytosis, mediated through FcR engagement. 
The persistent though diminished pathology observed in 
the knockout animals may be the result of FcR 
independent processes, such as agglutination or 

35 complement activation. This conclusion was strenghtened 
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by the use of three mouse monoclonal antibodies 
directed against mouse RBCs which elicit autoimmune 
anemia through different mechanisms. Mab 34 -3C elicits 
anemia by triggering erythrophagocytosis (3) , while mab 
5 31- 9D results in the agglutination of RBCs and their 
subsequent sequestration in the spleens of injected 
animals. Mab 4C8 is an IgM antibody and will not 
interact with FcyRs (4) . Injection of mab 34-3C 
resulted in an average hematocrit in wild-type mice of 

10 23% at day 4 post-injection, while in knockout mice 

hematocrit levels remained at 45% (Figure 27A) and had 
no evidence of hepatic erythrophagocytosis. In 
contrast, mab 31-9D resulted in hematocrits of 25% in 
both wild- type and knockout mice, while 4C8 reduced the 

15 hematocrits of wild- type and knockout animals to 35% 

(Figure 27B,C) . The role of complement in the residual 
anemia induced in knockout mice by RaRBC was determined 
by depleting complement C3 with cobra venom factor. 
CVF treated mice were not significantly protected from 

20 anemia (figure 27C) , indicating that complement 

mediated pathways do not significantly contribute to 
the residual pathology seen in FcR deficient animals. 
Thus, despite the fact that complement and complement 
receptors are normal in these mice and can be activated 

25 by appropriate stimuli (5) and incubation of RaMRBC IgG 
with mouse RBCs and serum, in vitro, results in 
hemolysis, the in vivo role of complement in this model 
of autoimmune hemolytic anemia appears to be minimal. 

30 The FcyR expressing cell responsible for the 

experimental autoimmune hemolytic anemia observed is 
likely to be the splenic macrophage and hepatic Kupffer 
cell. It has been found that the adult osteopetrotic 
mouse (op/op) which carries a mutation in the CSF-1 

35 gene (6-8) is less susceptible to the induction of 
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anemia by mab 34 -3C (Table 1) . These mice have greatly 
reduced numbers of hepatic and splenic marginal 
macrophages (9) , implicating these CSF-1 dependant 
mononuclear phagocytes in the autoimmune hemolytic 
5 anemia mediated by erythrophagocytosis of antibody 
coated RBCs through FcyRIII. 

Similar results were obtained in another model of type 
II hypersensitivity, experimentally induced immune 

10 thrombocytopenia. The capacity of knockout mice to 

develop thrombocytopenia after challenge with mAb 6A6 
(10) , an IgGl specific for mouse platelets, was 
dramatically different from their wild-type littermates 
(figure 27) . Wild -type animals demonstrated a rapid 

15 induction of thrombocytopenia following antibody 

challenge and developed platelet counts 18% of baseline 
levels within 2 hours post-injection. FcR deficient 
mice are resistant to the pathogenic effects of this 
antibody, retaining platelet counts 86% of baseline 

20 levels. Prior administration of an FcyRII,III blocking 
antibody, 2.4G2 (11), resulted in a partial protection 
from 6A6 induced thrombocytopenia, with platelet counts 
reaching 46% of baseline levels. These results are 
consistent with several clinical studies where 

25 autoimmune thrombocytopenia has been treated with 

inhibitors of FcyRs such as intravenous gamma globulin, 
in vivo immune complexes generated by anti-hRBC IgG, Fc 
fragments and antibodies against FcyRIII, with varying 
degrees of success (12-16) . In contrast to the 

30 situation experimental autoimmune hemolytic anemia, 

immune thrombocytopenia is identical in wild-type and 
op/op mice (Table 1) , indicating that different FcyR 
expressing cells are responsible for the pathology of 
these two examples of Type II inflammation. 



35 
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These studies argue for a dominant role for Fc receptor 
engagement at an early step in the cascade of 
inflammation initiated by cytotoxic antibodies in the 
type II hypersensitivity class of inflammation. 
5 Despite the ability of these antibodies to fix 

complement and mediate target cell lysis in vitro, the 
situation in vivo appears to be quite different. As was 
found for immune complex initiated inflammation (3) , Fc 
receptor engagement is also an early and critical step 

10 in the cascade of type II inflammation, supported by 
these data and in vitro studies on defects in y^'mice 
in ADCC and phagocytosis in NK cells and mononuclear 
phagocytes (2 and data not shown) . Fc receptor 
blockade may have significant therapeutic utility in 

15 these diseases and in other disease states in which the 
uncoupling of pathogenic cell bound antibody and the 
effector response may prevent injury. 

TABLE 1 





wild type 


r /- 


op/op 


a-MRBC 34-3C 


23% 


45% • 


34% 


a-platelet 6AG 


18% 


86% 


18% 



Hemolytic anemia and thrombocytopenia in wild-type, FcR 
knockout and osteopetrotic mice. Data are presented 
as mean absolute hematocrit values or as percent of 
baseline platelet counts from five animals in each 
group. Two to four month old mice were used according 
to methods described in the Description of the Figures 
and antibody doses adjusted to body weight. 
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Use of mutant mice in antibody engineering 

The in vivo studies described herein of how cytotoxic 
5 antibodies mediate their effector cell responses has 
illustrated the application of Fc receptor deficient 
mice for the purpose of antibody engineering. In 
figure 29, an experiment is shown in two strains of 
mice - a wild- type animal (C57B6) and a littermate, 
10 genetically identical except for a specific mutation at 
the FcRy locus (knockout) . This mutation results in 
the elimination of two classes of IgGFc receptors, 
FcyRI and FcyRIII. In the study illustrated in figure 
29, 10 5 B16 melanoma cells were injected intravenously 
15 into both strains of mice. Two weeks later, the mice 
were sacrificed and their lungs examined for tumor 
nodules. Both wild-type and knockout mice show 
numerous metastatic nodules, characteristic of this 
. tumor model. However, as seen in the right hand 
20 panels, if these mice are treated with a monoclonal 
antibody TA66, directed against the melanoma cells, 
then the wild-type animal is significantly protected 
form tumor metastases to the lung, while the knockout 
mouse has gained no protective effect from the anti- 
25 tumor antibody. This experiment demonstrates that the 
protective effect of this anti-tumor antibody is 
mediated through Fc receptor, specifically FcRI and 
FcRIII. With this knowledge, mutation of the anti- 
tumor antibody can be performed to maximize its 
3 0 interaction with these receptors, which can then be 
tested in the knockout mice. In a similar fashion, 
humanized antibodies can be studied in mice humanized 
for specific Fc receptors to determine their 
interactions and mechanisms of action. 



35 
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Seventh Series of Experiments 

1) FcR deficient mice 

5 Mice have been constructed in which the common y chain 
has been mutated by the insertion of a neomycin 
resistance gene, rendering the gene inactive (FcRy^") . 
These mice fail to express three Fc receptor proteins: 
FC7RI, FC7RIII and FceRI . 

10 

FcyRII, the inhibitory FcR expressed on B cells, has 
been mutated by the insertion of a neomycin resistance 
gene into the a subunit of the endogenous mouse gene 
(FcTRir 7 -). 

15 

The FcR7~ A mice have been crossed to the FcyRII" 7 * mice 
to generate animals deficient in FcyRI, FcyRII, FcyRIII 
and FceRI. These mice will be referred to as FcR nu11 . 

20 The a subunits of Fc?RI and FcyRIII have also been 

mutated by the insertion of neomycin resistance genes, 
in a strategy similar to the one described for FcyRII. 

2) Mice expressing human FcRs 

25 

Transgenic mice have been constructed which express the 
human FcyRIII a subunit in a pattern of cellular 
expression similar to the human situation. Transgenic 
animals have also been constructed in which the or 
30 subunits of FcyRI and FC7RIIB have been inserted into 
the mouse genome. 

3) Humanized FcR expressing mice 



35 



Two strategies are used for the complete replacement of 
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the endogenous mouse FcR genes with their human 
homologues. FcR nu11 mice are crossed to transgenic mice 
expressing human FcRs. 

5 In the alternative strategy, the endogenous mouse genes 
are replaced, in situ with the portion of the human 
gene which confers ligand specificity. In this way, 
the normal pattern of mouse FcR expression is retained 
and the mouse signalling systems are unperturbed. This 
10 strategy involves rederiving the FcR a chain knockouts 
using the gene replacement strategy instead of the gene 
insertion approach. 
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What is claimed is: 

1. A non- naturally occurring murine animal incapable 
of expressing a functional murine Fc receptor. 

5 

2. The murine of claim 1, wherein the murine Fc 
receptor is a FcyRI, FcyRIIIA, or FceRI . 

3. The murine of claim 2, wherein the murine animal 
10 is incapable of expressing a functional murine Fc 

receptor gamma subunit. 

4. The murine of claim 1, wherein the murine Fc 
receptor is a Fc gamma receptor. 

15 

5 . The murine of claim 4 , wherein the Fc gamma 
receptor is FcyRIA. 

6. The murine of claim 5, wherein the murine animal 
20 is incapable of expressing a functional murine 

FcyRIA alpha subunit. 

7. The murine animal of claim 4, wherein the Fc gamma 
receptor is FcyRIIB . 

25 

8. The murine animal of claim 7, wherein the murine 
animal is incapable of expressing a functional 
murine FcyRIIB alpha subunit. 

30 9. The murine animal of claim 4, wherein the Fc gamma 
receptor is FcyRIIIA. 



10. The murine animal incapable of expressing a 

functional murine FcyRIIIA of claim 9, wherein the 
35 murine animal is incapable of expressing a 
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functional murine FcyRIIIA alpha subunit . 

11. The murine animal of claim 1, wherein the murine 
Fc receptor is FceRI . 

5 

12. The murine animal of claim 11, wherein the murine 
animal is incapable of expressing a functional 
murine FceRI alpha subunit. 

10 13. The murine animal of claim 1, characterized by 

inability to display an inflammatory response to 
cytotoxic antibodies. 

14. The murine animal of claim l f characterized by 
15 inability to display an inflammatory response to 

immune complex deposition. 

15. The murine animal of claim 14, wherein the 
inflammatory response is selected from the group 

20 consisting of: 

anaphylaxis; 
hemorrhage ; 

neutrophil infiltration; 
edema ; 

25 phagocytosis ; 

killer-cell mediated lysis ; 

asthma; and 

rash. 

30 16. The murine animal of claim 1, characterized by 

inability of the mast cells of the murine animal 
to degranulate. 



17. The murine animal of claim 1, characterized by 
35 inability of the basophils of the murine animal to 
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invention of group II is the presence of a human trans gene and animals harboring such a trans gene are not used in any 
of the methods of groups VI, X, or XI. 

The special technical feature of the invention of groups HI and IV is drawn to DNA encoding altered forms of Fc 
receptors (group III) or human Fc receptors (group IV). These DNA represent materially different physical 
compositions than either of the animals of groups I or II, the non-DN A agents of groups VII, IX, XV and XVI and are 
not utilized in any of the methods of groups V, VI, VIII, and X-XFV. Therefore, the DNAs of the inventions of groups 
III and IV are not so linked with any of the inventions of groups I, II or V-XVI, so as for form a single inventive 
concept within the meaning of PCT Rule 13.2. Similarly, the special technical feature of the invention of group III is 
drawn to altered forms of murine Fc receptor genes whereas the special technical feature of the invention of group IV is 
drawn to nucleic acids encoding functional human Fc receptors. Therefore, the two inventions (groups III and IV) are 
drawn to materially different nucleic acid compositions that are not so linked by any special technical feature within the 
meaning of PCT Rule 13.2 so as to form a single inventive conccpt.The special technical feature of the inventions of 
groups I and II are drawn to multicellular animals lacking functional endogenous Fc receptors (group I) or harboring 
human Fc receptor genes (group II) and such animals represent materially different compositions that any ofthc 
compositions of the inventions of groups VII (polypeptides), IX (inhibitory agents), XV (therapeutic antibodies) and 
XVI (Fc region modified antibodies). Therefore the animals of the inventions of groups I and II are not so linked by 
any special technical feature within the meaning of PCT Rule 13.2 with the compositions of groups VII, IX, XV, or 
XVI, so as to form a single inventive concept. 

The special technical feature of the animals of groups I and II arc not so linked with the in vitro assays of the inventions 
of groups VIII, XII or XIV, because the latter assays do not utilize any animals per se. Therefore, the animals of the 
inventions of groups I and II are not so linked by any special technical feature within the meaning of PCT Rule 13.2 so 
as to form a single inventive concept with any of the assays of groups VIII, XII or XIV. 

The animals of the invention of group I fail to share a special technical feature with either of the methods of groups V 
or XII because the latter methods do not involve the use of said animals. 

The animals of the invention of group II fail to share any special technical feature with the nucleic acids of the 
invention of group IV because said nucleic acids represent materially different compositions of matter than multicellular 
animals and because said nucleic acids may be used to prepare proteins of interest in the absence of the animals of the 
invention of group II. 

The animals of the invention of group II are distinct from either of the inventions of groups V or XH because the latter 
methods are drawn to varying methods which comprise divergent special technical features. For example, the methods 
of the invention of group V are directed towards identification of an ti- inflammatory agents and the invention of group 
XII is directed toward assays comparing antibody activities. Therefore, the divergent nature of the special technical 
feature of the claimed methods of groups V and XII indicate that the animals of the invention of group D are not so 
linked by any special technical feature within the meaning of PCT Rule 13.2 so as to form a single inventive concept 
with the inventions of groups V and XII. 
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The methods of groups V and XII are not so linked by any special technical feature within the meaning of PCT Rule 
13.2 so as to form a single inventive concept with any of the methods of groups VI, VIII, X, XI, XIII, or XIV, because 
the former methods take place in different experimentalsyslems than the latter groups of methods. In particular, the 
former groups of inventions use the animals of groups II and the latter do not use said animals. Any of the methods of 
groups V, VI, VIII, and X-XIV are distinct from any of the compositions of the inventions of groups VII, IX. XV and 
XVI, because the special technical feature of the laucr inventions are directed towards their material compositions 
which do not necessarily require any relationship with the groups of method inventions. Therefore, the groups of 
method inventions arenot so linked by any special technical feature within the meaning of PCT Rule 13.2 so as to form 
a single inventive concept with any of the inventions drawn to particular compositions. 

The several methods of the inventions of groups V, VI, VIII, and X-XIV are not so linked by any special technical 
feature because each such feature associated with each invention is associated with the particular goal of the claimed 
methods and therefore, the nature and intent of the claimed methods defines each invention as having separate inventive 
concepts. Similarly, each of the compositions of the inventions of groups VII, IX, XV, and XVI, are not so linked by 
any special technical feature within the meaning of PCT Rule 13.2 so as to form a single inventive concept because 
each of the claimed compositions are materially different, one from the other and share no requisite physical 
relationship. 
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